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B E R I - B E R  _I
A  C o n s i d e r a t i o n  o f  t h e  T h e o r i e s  a d v a n c e d  r e g a r d i n g  
i t s  E t i o l o g y ,  a n d  a  C a r e f u l  E x a m i n a t i o n  o f  i t s  
C l i n i c a l  a n d  P a t h o l o g i c a l  P h e n o m e n a .
Introduction
D u r i n g  t h e  p a s t  t w o  d e c a d e s  t h e  s t u d y  o f  t h e  
D i s e a s e s  o f  T r o p i c a l  C l i m a t e s  h a s  a d v a n c e d  m o r e  r a p i d l y  
t h a n  e v e r  b e f o r e ,  w i t h  t h e  r e s u l t  t h a t  a t  t h e  p r e s e n t  
t i m e ,  o u t  o f  a  l a r g e  c o l l e c t i o n  o f  c l i n i c a l  m a t e r i a l ,  
c e r t a i n  d i s e a s e s  s t a n d  d e f i n e d  a n d  c l e a r ,  a s  r e g a r d s  
t h e i r  E t i o l o g y  a n d  S y m p t o m a t o l o g y .  F o r m e r  h y p o t h e s e s  
h a v e  e x p l o d e d  a n d  f o r m e r  e m p i r i c a l  m o d e s  o f  t r e a t m e n t  
h a v e  b e e n  r e p l a c e d  b y  o t h e r s  s t a n d i n g  o n  a  f i r m  
s c i e n t i f i c  b a s i s .
T h e s e  e n o r m o u s  s t r i d e s  h a v e  b e e n  a c c o m p l i s h e d  
b y  a  g r e a t e r  r e a l i z a t i o n  a t  h o m e  o f  t h e  i m p o r t a n c e  o f  
a c c u r a t e  s t u d y  o f  T r o p i c a l  d i s e a s e s  p e r  s e ,  b y  t h e  
e s t a b l i s h m e n t  a b r o a d  o f  C l i n i c a l  R e s e a r c h  L a b o r a t o r i e s  
e f f i c i e n t l y  e q u i p e d  w i t h  e v e r y  m o d e r n  a p p l i a n c e  a n d  b y  
t h e  t h o r o u g h  i n v e s t i g a t i o n  a n d  p u b l i c a t i o n  o f  a l l  t y p e ^  
o f  d i s e a s e  b y  s c i e n t i f i c  m e n  o f  e v e r y  n a t i o n a l i t y .
T h e  r e s u l t  g a i n e d  i s  u n d o u b t e d l y  o n e  o f  v a l u e  
i n  e v e r y  d i r e c t i o n ,  b u t  o n e  o f  i t s  c h i e f  a d v a n t a g e s  
m u s t  b e  t h e  s t i m u l u s ,  w h i c h  i t  g i v e s  t o  f u r t h e r  e f f o r t  
i n  t h e  e l u c i d a t i o n  o f  m a n y  d i s e a s e s ,  w h i c h  u p  t i l l  n o w  
h a v e  b a f f l e d  t h e  k e e n e s t  r e s e a r c h .
T h e  l o n g e r  o n e  r e m a i n s  i n  t h e  T r o p i c s  t h e  
g r e a t e r  o n e  r e a l i z e s  t h e  i m p o s s i b i l i t y ,  w i t h  t h e  k n o w -  
- l e d g e  t o  h a n d ,  t o  s o l v e  t h e  m a n y  c l i n i c a l  r i d d l e s ,  
t h a t  a l m o s t  d a i l y  p r s e e n t  t h e m s e l v e s ;  d i s e a s e s  w h i c h  
r e f u s e  t o  b e  l a b e l l e d  a n d  p i g e o n - h o l e d  i n  a n  o r d e r l y  
m a n n e r ,  a n d  w h i c h  p r e s e n t  P a t h o l o g i c a l  p r o b l e m s  a s  y e t  
u n a p p r o a c h e d .
T h e  v e r y  f r e q u e n c y  o f  s u c h  c a s e s  t e n d s  o f t e n  
t o  c a u s e  o n e  t o  d e s p a i r  o f  e v e r  p l a c i n g  t h e m  o r  a  f i r m  
f o u n d a t i o n  a n d  i t  i s  o n l y  t h e  c o m p a r i s o n  o f  t h e  e x t e n t  
_ o f  o u r  p r e s e n t  k n o w l e d g e  w i t h  t h a t  o f  t e n  y e a r s  a g o ,  
t h a t  e n a b l e s  o n e  t o  g o  o n  w i t h  w h a t  o f t e n  s e e m s  a  u s e -  
- l e s s  l a b o u r ,  e v e r  r e a l i z i n g  t h a t :
" M e w  t i m e s  d e m a n d  n e w  m e a s u r e s  a n d  n e w  m e n ,
T h e  w o r l d  a d v a n c e s ,  a n d  i n  t i m e  o u t g r o w s  
T h e  l a w s  t h a t  i n  o u r  f a t h e r s '  d a y  w e r e  b e s t ,
A n d  d o u b t l e s s  a f t e r  u s  s o m e  p u r e r  s c h e m e  
W i l l  b e  s h a p e d  o u t  b y  w i s e r  m e n  t h a n  w e  
M a d e  w i s e r  b y  t h e  s t e a d y  g r o w t h  o f  T r u t h . "
A m o n g s t  t h e  m a n y  d i s e a s e s ,  w h o s e  c a u s a t i o n  i s
I
s t i l l  a n  u n s e t . t l e d p o i n t  B e r i b e r i  s t a n d s  o u t  p r o m i n e n t l y , ,  
t h e o r y  a f t e r  t h e o r y  h a s  b e e n  a d v a n c e d  o n l y  i n  t h e  e n d  
t o  f a i l  t o  b e  a p p l i c a b l e  t o  e v e r y  c a s e  a n d  s o  i n  t u r n  
t o  b e  d i s c a r d e d .
I t  s e e m e d  t h e r e f o r e ,  t h a t  a s  o n e  h a s  b e e n  
f o r  a l m o s t  t h e  l a s t  t h r e e  y e a r s  b r o u g h t  i n t o  c l o s e  
c o n t a c t  w i t h  a  l a r g e  n u m b e r  o f  c a s e s  o f  B e r i b e r i ,  t o  
b e  w o r t h  w h i l e  r e c o r d i n g  t h e  r e s u l t  o f  o n e s  i n v e s t i g a -  
- t i o n s ,  n o t  s o  m u c h  w i t h  t h e  i d e a ,  t h a t  o n e  h a s  s o l v e d ,  
w h a t  h a s  s o  l o n g  b e e n  o f  s u c h  p a r a m o u n t  d i f f i c u l t y ,  
b u t  i n  t h e  h o p e s ,  t h a t  a  c a r e f u l  m a r s h a l l i n g  o f  t h e  
v a r i o u s  t h e o r i e s  w i t h  a  t h o r o u g h  e x a m i n a t i o n  o f  t h e  
c l i n i c a l  a n d  p a t h o l o g i c a l  a s p e c t s ,  a s  o b t a i n e d  f r o m  
o n e s  o w n  p e r s o n a l  e x p e r i e n c e ,  m a y  b r i n g  o u r  k n o w l e d g e
Introduction----
o f  t h i s  m o s t  i n t e r e s t i n g  o f  T r o p i c a l  d i s e a s e s  u p - t o - d a t e  
T h e  m a j o r i t y  o f  t h e  o b s e r v a t i o n s  r e c o r d e d  i n  
t h i s  p a p e r  w e r e  m a d e  a t  C h r i s t m a s  I s l a n d  ( S t r a i t s  
S e t t l e m e n t s  ) ,  s u p p l e m e n t e d  b y  w o r k  d o n e  o n  t h i s  s u b j e c t  
d u r i n g  t h e  l a s t  y e a r  i n  S i n g a p o r e ,  B u r m a ,  I n d i a  a n d  
H o n g k o n g .
Introduction-----
D E F I N I T I O N  a n d  D I S T R I B U T I O N
Definition 6
T h e  o r i g i n  o f  t h e  t e r m  B e r i b e r i  i s  h i d d e n  in-  
o b s c u r i t y .  I t  h a s  b e e n  s a i d t o  h a v e  b e e n  f i r s t  d e s c r i b e d  
b y  t h a t  n a m e  b y  D r  M a l c o l m s o n  P . R . S .  o f  t h e  M a d r a s  M e d -  
- i c a l  S e r v i c e  i n  1 8 3 5  a n d  w a s  i d e n t i f i e d  b y  F a y r e r  a s  
' b e i n g  t h e  s a m e  d i s e a s e  a s  B a b b l e r s ,  n o t e d  b y  e a r l i e r  
| E u r o p e a n  t r a v e l l e r s ,  a n d  s o  p o s s i b l y  t h e  H i n d o s t a n i  
w o r d  f o r  s w e l l i n g  i e :  B h a r b a r i  i s  t h e  m o s t  p r o b a b l e  
e t i m o l o g y .
T h e  n a m e  h a s  b e e n  o f f i c i a l l y  a n d  p o p u l a r i l y  
r e c o g n i z e d  a n d  i t s  r e t e n t i o n  i s  j u s t i f i e d  i n  s p i t e  o f  
i t s  l a c k  o f  d e f i n i t y ,  a l w a y s  p r o v i d e d ,  t h a t  i t  i s  o l c a r l ^
u n d e r s t o o d  w h a t  i s  m e a n t  b y  t h e  t e r m ,  n a m e l y  —
  A  s p e c i f i c  m u l t i p l e  n e u r i t i s ,  i n f e c t i o u s  o r  t o x i c ,
o f t e n  a c c o m p a n i e d  b y  o e d e m a  a n d  w i t h  a  s p e c i a l  t e n d e n c y  
| t o  i n v o l v e m e n t  o f  t h e  V a g u s  a n d  P h r e n i c  n e r v e s ,  a n d  
e n d e m i c  a n d  e p i d e m i c  i n  m o s t  w a r m  r e g i o n s  o f  t h e  w o r l d .
A s  s h o w n  l a t e r , l a x i t y  o f  a  p r o p e r  a p p r e c i a t i o n  
o f  t h i s  d e f i n i t i o n  h a s  f r e q u e n t l y  l e d  t o  c a s e s  b e i n g  
r e c o r d e d  a s  B e r i b e r i ,  w h i c h  w e r e  r e a l l y  d u e  t o  s o m e  
o t h e r  c a u s e ,  s u c h  a s  C l i m a t i c  O e d e m a ,  A n k y l o s t o m i a s i s ,  
o r  o f  P o s t - M a l a r i a l  o r i g i n .  T o  o b v i a t e  t h i s  m a n y  
t e r m s  h a v e  b e e n  s u g g e s t e d ,  S c h e u h e ' s  " N e u r i t i s  m u l t i p l e x  
e n d e m i c a "  o r  B a e l z '  " P a n - n e u r i t i s  e n d e m i c a "  b e i n g  
p o s s i b l y  t h e  m o s t  c o m p r e h e n s i v e ,  h u t  t h e y  h a v e  n e v e r  
g a i n e d  s u f f i c i e n t  r e c o g n i t i o n  t o  h e  o f  p r a c t i c a l  v a l u e .  
T h e  d i s e a s e  k n o w n  a s  " K a k k e "  ( l e g  s i c k n e s s  ) b y  t h e  
J a p a n e s e  a n d  C h i n e s e , " K a k i  L e m b u t "  b y  t h e  M a l a y s  a n d  
" I n c h a c a o "  b y  t h e  B r a z i l i a n s  a r e  a l l  c o n s i d e r e d  t o  h e  
i d e n t i c a l .
A s  r e g a r d s  t h e  H i s t o r y  a n d  G e o g r a p h i c a l  
D i s t r i b u t i o n  o f  B e r i b e r i ,  i t  i s  u n n e c e s s a r y  i n  a  t r e a t -  
- i z e  o f  t h i s  d e s c r i p t i o n  t o  t r a v e l  o v e r  s u c h  w e l l  k n o w r
g r o u n d .  I t  i s  s u f f i c i e n t  t o  n o t e  t h a t  t h e  d i s e a s e  i s
o j e ,
f o u n d  e n d e m i c a l l y  a n d  e p i d e m i c a l l y  i n  n e a r l y  t r o p i c a l  
a n d  s u b - t r o p i c a l  c o u n t r i e s ;  t h e  p r i n c i p a l  c e n t r e s  i n  
t h e  E a s t  b e i n g  M a l a y a  a n d  J a p a n , a n d  i n  t h e  W e s t  B r a z i l  
I t  h a s  a l s o  b e e n  n o t e d  i n  t e m p e r a t e  c l i m a t e s  i n  i s o l a t e  
e p i d e m i c s  i n  s h i p s  a n d  i n s t i t u t i o n s .
T h e  a c c o m p a n y i n g  M a p  o f  t h e  W o r l d  w i l l  s e r v e  
t o  s h o w  a t  a  g l a n c e  t h o s e  a r e a s  o f  t h e  g l o b e ,  w h e r e  t h e  
d i s e a s e  i s  m o s t  p r e v a l e n t  a n d  w h e r e  i t  i s  r a r e  a n d  o f  
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D iSTR IB tiTIQ gT O P B B 'R l-'B E R l
E T I O L O G I C A L  T H E O R I E S
" Q u o t  h o m i n e s ,  t o t  s e n t e n t i a e " .    T e r e n c e .
" O p i n i o n u m  c o m m e n t a  d e l e t  d i e s ,  n a t u r a e  j u d i c i a
c o n f i r m â t "  .  — - C i c e r o .
Etiological Theories-----
I n  o r d e r  t o  a p p r e c i a t e  p r o p e r l y  t h e  r e l a t i v e  
i m p o r t a n c e  o f  t h e  v a r i o u s  t h e o r i e s  a d v a n c e d  r e g a r d i n g  
t h e  f a c t o r s  at ,  p l a y  i n  t h e  c a u s a t i o n  o f  B e r i b e r i ,  i t  
w i l l  b e  a s  w e l l  f i r s t  o f  a l l  t o  s t a t e  t h e m  n u m e r i c a l l y  
! a n d  t h e n  t o  c o n s i d e r ,  w h a t  c a n  b e  a d v a n c e d  i n  s u p p o r t  
o f  e a c h  i n d i v i d u a l l y .  I t  h a s  b e e n  t h o u g h t  b e s t  t o  
m e n t i o n  a l l  t h e  t h e o r i e s ,  t h a t  o n e  h a s  p e r s o n a l l y  
a t t e m p t e d  t o  p r o v e  o r  d i s p r o v e ,  a n d  t h e n  t o  c o n s i d e r  
a t  g r e a t e r  l e n g t h  t h e  t w o  m a i n  t h e o r i e s ,  t h a t  a r e  
s t r u g g l i n g  f o r  p r i m a r y  r e c o g n i t i o n  a t  t h e  p r e s e n t  t i m e
1 .  T h e  M i a s m i c  T h e o r y .
S .  T h e  T h e o r y  o f  A r s e n i c a l  P o i s o n i n g ,
S .  T h e  T h e o r y  o f  O x a l a t e  P o i s o n i n g .
4 .  T o x i - I n f e c t i o u s  T h e o r i e s .
A .  B a c t e r i a  f o u n d  i n  t h e  B l o o d .
( a )  P e k e l h a r i n g  & W i n k l e r ' s  C o c c u s .
( b )  G e r a r d ' s  M i c r o c o c c u s .
( c )  D a n g e r f i e l d ' s  M i c r o c o c c u s .
( d )  O k a t a  & K o k u b o ' s  R a k k e c o c c u s ,
%
B .  B a c t e r i a  f o u n d  i n  t h e  U r i n e .
( a )  H e r z o g ' s  K a k k e c o c c u s  o f  O k o k u b o .
( b )  T s u z u k i ' s  M i c r o c o c c u s  B e r i b e r i c u
C .  B a c t e r i a  f o u n d  i n  t h e  A l i m e n t a r y  T r a c t
( a )  H a m i l t o n  W r i g h t ' s  B a c i l l u s .  •
( b )  D u r h a m ' s  L o o p e d  O r g a n i s m .
A l i m e n t a r y  T h e o r i e s .
A .  D e f i c i e n c y  o f  F a t .
B .  N i t r o g e n o u s  S t a r v a t i o n .
C .  I n f e c t e d  F i s h .
D .  R i c e  T h e o r i e s .
D .  R i c e  T h e o r i e s .
( a )  H o s e ' s  M o u l d y  R i c e .
( b )  B r a d d o n ' s  S p e c i f i c  F u n g u s  o f  ' U n c u r e d '  
R i c e .
( c )  S a l d a n h a ' s  A r s i n  i n  R i c e .
( d )  F r a s e r  & S t a n t o n ' s  P h o s p h o r u s  D e f i c i e n c y .
.
.
B e s i d e s  t h e s e  t h e r e  a r e  s e v e r a l ,  w h i c h  n e e d  n o t  b e  
c o n s i d e r e d  a t  l e n g t h :
T h e  D r i n k i n g  W a t e r  t h e o r y  o f  R o l l .
T h e  H o e m a m o e b a  T h e o r y  o f  G l c J g n e r .
T h a t  i t  i s  d u e  t o  A n a e m i a ,  O v e r - c r o w d i n g ,  o r  
a  f o r m  o f  A n k y l o s t o m i a s i s .
T h e s e  s h o w , w h a t  a n  e n o r m o u s  v a r i e t y  o f  h y p o t h e s e s ,  
t h e  s e a r c h  f o r  t h e  t r u e  c a u s e  o f  B e r i b e r i  h a s  i n s p i r e d .
Etiological Theories-----
* T h e  M i a s m l c  T h e o r y »
I t  i s  i n t e r e s t i n g  t o  n o t e  h e r e  t h a t ,  a l -
- t h o u g h  p r o b a b l e  r e f e r e n c e s  a r e  m a d e  t o  B e r i b e r i  i n
B i o  C a s s i u s ,  w h i c h  d e s c r i b e s  a  R o m a n  c a m p a i g n  i n  B C . 2 4 .
u n d e r  A e l i u s  G a l l u s ,  a n d  a g a i n  i n  K i n  K i ,  a  C h i n e s e
b o o k  o f  m e d i c i n e  w r i t t e n  a b o u t  2 0 0  A D ,  y e t  t h e  f i r s t
f u l l  a c c o u n t  i s  f o u n d  i n  S i n  K i u  H o ,  w r i t t e n  a b o u t  64 -0
A D ;  b y  a  C h i n e s e  d o c t o r  o f  t h e  n a m e  o f  S i  B a h  K o h ,  w h o
p r o p o u n d e d  t ^ . e  t h e o r y ,  t h a t  t h e  d i s e a s e  w a s  d u e  t o  a
g a s e o u s  p o i s o n  s e t  f r e e  f r o m  t h e  g r o u n d  b y  c o l d ,  h e a t ,
w i n d  o r  m o i s t u r e  a n d  a s  t h e  f e e t  a r e  a l w a y s  i n  c o n t a c t
w i t h  t h e  e a r t h ,  s o  t h e y  a r e  m o s t  l i a b l e  t o  b e  m o s t  
M.
a f f e c t e d .  »
I n  m o r e  r e c e n t  y e a r s  F e i b i g  c a m e  t o  t h e  
c o n c l u s i o n  i n  h i s  b o o k  o n  t h e  P a t h o l o g y  a n d  T h e r a p e u t i c s  
o f  B e r i b e r i ,  t h a t  t h e  d i s e a s e  w a s  d u e  t o  a  m i c r o b e  i n  
t h e  s o i l ,  w h i c h  g e n e r a t e s  a  g a s  o f  t h e  n a t u r e  o f  a n  
e v a n e s c e n t  p t o m a i n e ,  a n d  t h i s  b y  i n h a l a t i o n  r e a c h e s  t h é  
b o d y  a n d  s e t s  u p  t h e  d i s e a s e  b y  i t s  e f f e c t  o n  t h e  n e r v e  
t i s s u e s .  T h e  r i s e  o f  t h i s  g a s  b e i n g  d e t e r m i n e d  b y  c e r -  
- t a i n  f a c t o r s ,  s u c h  a s  m o i s t u r e ,  a t m o s p h e r i c  p r e s s u r e  
a n d  t h e  p o s i t i o n  o f  t h e  s u n .  »
I n  a  s i m i l a r  m a n n e r  M a n s o n ,  i n  h i s  b o o k  
o n  T r o p i c a l  D i s e a s e s ,  s u g g e s t s  t h a t  t h e  d i s e a s e  m a y  
b e  d u e  t o  a  g e r m  i n  t h e  s o i l ,  w h i c h  l i b e r a t e s  a  v o l a t i l e  
t o x i n .  H e  d r a w s  a  c o m p a r i s o n  b e t w e e n  B e r i b e r i  a n d  
A l c o h o l i c  N e u r i t i s ,  i n  t h e  l a t t e r  d i s e a s e " t h e  g e r m  i s  
t h e  y e a s t ,  t h e  c u l t u r e  m e d i u m  t h e  s a c c h a r i n e  s o l u t i o n
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a n d  t h e  t o x i n  t h e  a l c o h o l , "  p o s s i b l y  t h e  A r s e n i c a l  
N e u r i t i s  a r i s i n g  f r o m  p o i s o n  p a p e r e d  w a l l s  w o u l d  b e  
m o r e  a n a l a g o u s .  I n  t h e  c a s e  o f  B e r i b e r i  t h e  g e r m  i s  ini  
t h e  s o i l ,  h o u s e  o r  s h i p ,  a n d  t h i s  u n d e r  c e r t a i n  c o n -  
- d i t i o n s  b e c o m e s  t h e  c u l t u r e  m e d i u m  w i t h  t h e  r e s u l t ,  
t h a t  a  t o x i n  g e n e r a t e s .
I n  s u p p o r t  o f  t h i s  v i e w  h e  c i t e s  t w o  f a c t s ;
( 1 )  R e c o v e r y  i s  o f t e n  i m m e d i a t e  o n  l e a v i n g  a n  e n d e m i c  
a r e a ,  w h i c h  w o u l d  n o t  b e  t h e  c a s e ,  i f  t h e  g e r m  w a s  
l o c a t e d  i n  t h e  b o d y .
( f )  T h e  d i s e a s e  c l i n g s  t o  c e r t a i n  s h i p s .
B o t h  t h e s e  s t a t e m e n t s  a r e  f r e q u e n t l y  m a d e ,  
b u t  a s  w i l l  b e  s h o w n  l a t e r  a r e  n o t  v e r y  r e l i a b l y  s u p -  
- p o r t e d .
O n  t h e  o t h e r  h a n d  s e v e r a l  p o w e r f u l  a r g u m e n t s  
c a n  b e  b r o u g h t  f o r w a r d  a g a i n s t  t h e  v a l i d i t y  o f  t h i s  
t h e o r y .
( a )  I n  t h e  f i r s t  p l a c e  i t  w o u l d  p l a c e  t h i s  p a r t i c u l a r  
a f f e c t i o n  i n  a n  u n i q u e  p o s i t i o n , f o r  i n  n o  k n o w n  
d i s e a s e  h a s  a  s i m i l a r  m o d e  o f  t o x i n  a b s o r p t i o n  b e e r i  
p r o v e d .
( b )  A g a i n  i n  o n e s  o w n  e x p e r i e n c e  a t  C h r i s t m a s  I s l a n d ,  
B e r i b e r i  o c c u r e d  a l m o s t  e n t i r e l y  i n  t h e  c o o l i e  
h o u s e s , ( b u i l t  o n  c o n c r e t e ,  w e l l  r a i s e d  a b o v e  t h e  
g r o u n d  a n d  w e l l  d i s i n f e c t e d )  a n d  p r a c t i c a l l y  n e v e r  
i n  t h e  p r i m i t i v e  g r o u n d  b u i l t  h u t s  o f  t h e  c l e a r i n g  
c a m p s ,  s c a t t e r e d  o v e r  t h e  i s l a n d ,  a n d  o f t e n  i n h a b -  
- i t e d  f o r  s e v e r a l  m o n t h s  a t  a  t i m e .
( c )  F u r t h e r  t h i s  t h e o r y  f a i l s  t o  e x p l a i n  c e r t a i n  w e l l -  
- e s t a b l i s h e d  f a c t s ,  w h y ,  f o r  i n s t a n c e ,  o n  e s t a t e s
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e m p l o y i n g  m i x e d  l a b o u r  C h i n e s e ,  M a l a y  a n d  T a m i l ,  
a l l  o f  w h o m  a r e  l i v i n g  u n d e r  t h e  s a m e  e x t e r n a l  
c o n d i t i o n s ,  B e r i b e r i  s h o u l d  b e  c o n f i n e d ,  a s  i t  s o  
o f t e n  i s ,  t o  o n l y  o n e  s e c t i o n  o f  t h e  c o m m u n i t y .
A  n u m b e r  o f  s u c h  i n s t a n c e s  h a v e  b e e n  q u o t e d  b y  
o t h e r  o b s e r v e r s  a n d  s e v e r a l  h a v e  c o m e  u n d e r  o n e s  
o w n  n o t i c e .  S i n c e  t h e  r e c e n t  R u b b e r  B o o m , i n  t h e  
F e d e r a t e d  M a l a y  S t a t e s ,  h a s  c a u s e d  t h e  o p e n i n g  u p  
o f  l a r g e  t r a c t s  o f  l a n d  f o r  c u l t i v a t i o n  p u r p o s e s , ,  
i t  h a s  o f t e n  b e e n  s e e n  t h a t , a  s h o r t  t i m e  a f t e r  
t h e  C h i n e s e  e m i g r a n t  c o o l i e s  h a v e  a r r i v e d  o n  a n  
e s t a t e ,  w h i c h  m a y  h a v e  p r e v i o u s l y  b e e n  f o r  y e a r s  
o c c u p i e d  b y  M a l a y  v i l l a g e r s , B e r i b e r i  i n v a r i a b l y  
o c c u r s ;  a l t h o u g h  i t  h a d  n e v e r  b e e n  k now n,  a m o n g s t  
t h e  M a l a y s ,  w h o  a s  a  r a c e  a r e  a l m o s t  i f  n o t  q u i t e  
a s  s u s c e p t i b l e  t o  t h e  d i s e a s e  a s  t h e  C h i n e s e .
( d )  A g a i n  c a s e s  h a v e  r e p e a t e d l y  o c c u r e d  i n  t h e  c e l l s  o f
G a o l s ,  w h i c h  h a v e  b e e n  m o s t  t h o r o u g h l y  a n d  c o n s t a n t  
- l y  d i s i n f e c t e d  w i t h  M e r c u r i a l  S o l u t i o n .
( e )  B e r i b e r i  a p p e a r s  o r  s h i p s  f a r  f r o m  l a n d ,  s h i p s  t o o
t h a t  h a v e  n e v e r  t o u c h e d  a t  a  p o r t  w h e r e  B e r i b e r i  
e x i s t s  a n d  n o n e  o f  w h o s e  c r e w  h a v e  e v e r  c o m e  i n  
c o n t a c t  w i t h  a  p o s s i b l e  s o u r c e  o f  i n f e c t i o n .
( f )  L a s t l y  i f  s u c h  a  m o d e  o f  i n f e c t i o n  e x i s t e d  i t
w o u l d  o n l y  b e  r e a s o n a b l e  t o  e x p e c t  t o  f i n d  c e r t a i n  
p a t h o l o g i c a l  c h a n g e s  i n  t h e  r e s p i r a t o r y  t r a c t .
S u c h  h o w e v e r  i s  n o t  t h e  c a s e  i n  o n e s  o w n  e x p e r i e n c e  
a  n u m b e r  o f  a u t o p s i e s  m a d e  w i t h  a  v i e w  t o  p r o v i n g  
t h i s ,  h a v i n g  g i v e n  a b s o l u t e l y  n e g a t i v e  r e s u l t s .
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I t  t h e r e f o r e  h a r d l y  s e e m s  p r o b a b l e  t h a t  a  
t h e o r y ,  w h i c h  f a i l s  t o  b e  e f f i c i e n t  i n  s o  m a n y  d i f f e r e n  
w a y s ,  c a n  b e  a c c e p t e d ,  a s  d e s c r i b i n g  t h e  r e a l  m o d e  o f  
t h e  c a u s a t i o n  o f  t h i s  d i s e a s e .
2 .  T h e  T h e o r y  o f  A r s e n i c a l  P o i s o n i n g .
T h i s  w a s  f i r s t  a d v a n c e d  b y  R o s s ,  o n  t h e  
s t r e n g t h  o f  a n  e p i d e m i c  o f  P o l y n e u r i t i s  o c c u r i n g  a f t e r  
t h e .  c o n s u m p t i o n  o f  a d u l t e r a t e d  b e e r .  F o r  t h e r e  w a s  a  
c l o s e  a n a l o g y  i n  m a n y  w a y s  i n  t h e  s y m p t o m s  p r o d u c e d ,  
a n d  I  m e n t i o n  i t ,  b e c a u s e  q u i t e  r e c e n t l y  I  h e a r d  i t  
a d v a n c e d  d u r i n g  a  M e d i c a l  d i s c u s s i o n .
T h e  v i e w  i s , t h a t  t h e  d i s e a s e  k n o w n  a s  B e r i -  
- b e r i  i s  r e a l l y  d u e  t o  a  f o r m  o f  A r s e n i c a l  p o i s o n i n g ,  
a n d  I  m e n t i o n  t h e  f o l l o w i n g  f a c t s  t o  d i s p r o v e  t h e  s a m e .
I t  i s ,  o f  c o u r s e , t r u e  t h a t  m a n y  o f  t h e  C h i n e s  
i n  t h e  rip w o r k  h a n d l e  a r s e n i c a l  p r e p a r a t i o n s .  N a t i v e s  
e m p l o y  m a n u r e s  c o n t a i n i n g  A r s e n i c  t o  i m p r o v e  t h e  s o i l ,  
a n d  t h e  t o b a c c o  u s e d  l a r g e l y  i n  t h e  E a s t  c o n t a i n s  t r a c e  
o f  i t ,  b u t  o n  t h e  o t h e r  h a n d  c o n s i d e r  t h e  f o l l o w i n g  
p o i n t s : . . . .
( 1 ) .  P r i s o n e r s  a d m i t t e d  i n t o  t h e  G t ^ l s  o f  t h e  S t r a i t s  
S e t t l e m e n t s  h a v e  d e v e l o p e d  B e r i b e r i  a f t e r  b e i n g  
t h e r e  f r o m  t h r e e  w e e k s  t o  s e v e r a l  m o n t h s ,  a n d  a l l  
t h e  w h i l e  a n y  p o s s i b l e  m e a n s  o f  A r s e n i c a l  i n t . r o -  
- d u c t i o n  h a s  b e e n  r i g i d l y  a v o i d e d , n o  t i n n e d  f o o d  
o r  c o n t a m i n a t e d  s u g a r  h a s  b e e n  u s e d ,  a n d  t h e r e
h a s  b e e n  n o  d i s t u r b a n c e  o f  t h e  s o i l .
( 2 ) .  F r o m  a  c l i n i c a l  p o i n t  o f  v i e w  t h e  p i g m e n t a t i o n  o f
t h e  s h i n ,  t h e  p l a n t a r  a n d  p a l m a r  k e r a t o s i s  a n d  t h e  
p r u r i t i s  o f  A r s e n i c a l  p o i s o n i n g  a r e  a l l  u n k n o w n  i n  
B e r i b e r i .  F u r t h e r  m e d i c i n a l l y  A r s e n i c  c a n  b e  g i v e n  
t o  p a t i e n t s  s u f f e r i n g  a c u t e l y  f r o m  t h e  d i s e a s e ,  
. w i t h o u t  i n c r e a s i n g  t h e  s y m p t o m s ,  a s  o n e  h a s  o f t e n  
b e e n  a b l e  t o  d e m o n s t r a t e  o n  p a t i e n t s  u n d e r  o n e s  
c a r e .
( 3 ) .  A  R o y a l  C o m m i s s i o n  a n a l y z e d  c e r t a i n  a r t i c l e s  o f  
o f  f o o d  c o m m o n l y  c o n s u m e d  b y  c o o l i e s  w i t h  a  v i e w  
t o  a s c e r t a i n i n g  t h e  p o s s i b l e  s o u r c e  o f  a n d  a m o u n t  
o f  A r s e n i c  p r e s e n t .  V a r i o u s  k i n d s  o f  r i c e  c a m e  
u n d e r  i n s p e c t i o n  a n d  i t  w a s  d e c i d e d , t h a t  A r s e n i c  
t h o u g h  p r e s e n t ,  w a s  o f  s u c h  i n f i n i t i s s i m a l  a m o u n t  
a s  t o  b e  a b s o l u t e l y  n e l i g a b l e .
I  h a v e  f r e q u e n t l y  s e e n  q u a n t i t i e s  o f  w e e v i l s  i n  
b a d  r i c e  a c t i v e l y  o n  t h e  i n c r e a s e ,  a n d  t h e  a m o u n t  
o f  A r s e n i c  p r e s e n t  w a s  e v i d e n t l y  i n s u f f i c i e n t  t o  
p r e v e n t  t h e i r  d e v e l c p e m e n t .
D r i e d  f i s h ,  p r i n c i p a l l y  B o m b a y  D u c k  a n d  N o r w a y  
C o d ,  w e r e  a l s o  f o u n d  o n  c a r e f u l  a n a l y s i s  t o  c o n t a i n  
A r s e n i c ,  b u t  a g a i n  o n l y  i n  a  q u a n t i t y  t o o  i n f i n i t l y  
s m a l l  t o  b e  o f  a n y  i m p o r t a n c e .
( 4 ) .  A n  i n t e r e s t i n g  p o i n t , b r o u g h t  b e f o r e  my a t t e n t i o n ,  
w a s  t h e  p r e s e n c e  o f  A r s e n i c  i n  t h e  h a i r s  o f  C h i n -  
- e s e  c o o l i e s ,  d e r i v e d  m o s t  p r o b a b l y  f r o m  t h e  k i n d  
o f  t o b a c c  s  o k e d .  I n  o r d e r  t o  s u b s t a n t i a t e  t h i s ,
I  e x a m i n e d  t h e  h a i r  o f  s e v e r a l  c o o l i e s ,  b o t h  f r e e  
f r o m  a n d  s u f f e r i n g  f r q m . B e r i - b e r i .
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I n  o r d e r  t o  e s t i m a t e  t h e  a m o u n t  o f  A r s e n i c  
p r e s e n t , t h e  m e t h o d  e m p l o y e d  w a s  t o  d i l u t e  a n d  f i l t e r  
t h e  s o l u t i o n ,  a n d  e v a p o r a t e  i t  w i t h  S u l p h u r i c  A c i d .
T h i s  w a s  r e p e a t e d  s e v e r a l  t i m e s ,  a f t e r  t h e  a d d i t i o n  o f  
a  s m a l l  a m o u n t  o f  N i t r i c  A c i d ,  u n t i l  t h e  f u m e s  o f  S u l p i  
- u r i c  A c i d  a p p e a r e d ,  a n d  t h e n  t o  p r o c e e d  i n  t h e  u s u a l  
w a y  b y  M a r s h ' s  p r o c e s s .
I t  w a s  f o u n d  t h a t  i n  7 0 $ ,  n o  t r a c e  o f  A r s e n i c  
w a s  p r e s e n t  a t  a l l ,  w h i l e  i n  t h e  r e m a i n i n g  50%> i t  w a s  
i n f i n i t i s s i m a l  a n d  p r e s e n t  e q u a l l y a m o n g s t  t h e  h e a l t h y  
a n d  t h e  s i c k .
T h e  f o l l o w i n g  w e r e  t h e  f i g u r e s : - —
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C L A S S  o f  C A S E N O :  o f  C A S E S A S :  p r e s : A S  : a b s
( 1 ) .  B - B  p r e s e n t . 2 0 6 1 4
( 2 ) .  B - B  p r e v i o u s l y . 1 0 3 7
( 3 ) .  B - B  a b s e n t . 1 5 7 1 0
A f t e r  c o m p l e t i n g  t h i s  e x a m i n a t i o n , I  c a m e  a c r o s  
a  r e f e r e n c e  t o  t h e  w o r k ,  o f  t w o  F r e n c h  o b s e r v e r s ,  w h i c h ,  
i f  c o r r e c t ,  s h o w s  t h a t  t h e  d e t e c t i o n  o f  A r s e n i c  i n  t h e  
s y s t e m  i s  v a l u e l e s s ;  f o r  t h e y  m a i n t a i n ,  t h a t  I t  i s  a  
n o r m a l  c o n s t i t u e n t  o f  t h e  t i s s u e s  o f  n e a r l y  a l l  a n i m a l s  
a n d  P u t n a m  a f f i r m s ,  t h a t  i t  c a n  b e  f o u n d  i n  t h e  U r i n e  
o f  50% o f  n o r m a l  p e r s o n s .
B r a d d o n  h a s  p o i n t e d  o u t ,  t h a t  G l u c o s e ,  a  p o s s -  
- ■ i b l e  m e d i u m  o f  B e r i —b e r i  i n t o x i c a t i o n ,  s o m e t i m e s  c o n -  
—t a i n s  m o r e  t h a n  m e r e  t r a c e s  o f  A r s e n i c :  t h i s  c o m b i n a t i o n  
m i g h t  t h e r e f o r e  g r e a t l y  c o m p l i c a t e  t h e  s y m p t o m a t o l o g y  o f  
t h e  d i s e a s e .  V e r y  s m a l l  q u a n t i t i e s  i n d e e d  o f  A r s e n i c
m a y  s e t  u p  p a r a l y t i c  a n d  o t h e r  s y m p t o m s ,  v a r y i n g  g r e a t  
w i t h  t h e  i d i o s y n c r a s y  o f  t h e  c o n s u m e r »  T h i s  i s  m e n t i o r  
- e d  n o t  w i t h  a  v i e w  o f  w e a k e n i n g  t h e  s t a t e m e n t s  a l r e a d y  
m a d e ,  b e c a u s e  t h e r e  i s  n o t h i n g  i n  f a v o u r  o f  t h e  s u g g e s t  
- i o n ,  t h a t  T r o p i c a l  B e r i - b e r i  i s  e v e r  d u e  t o  A r s e n i c ,  
h u t  b e c a u s e ,  o w i n g  t o  t h e  g r e a t  d i f f i c u l t y  a r i s i n g  i n  
t h e  d i f f e r e n t i a l  d i a g n o s i s  b e t w e e n  c e r t a i n  f o r m s  o f  
t o x i c  p o l y n e u r i t i s ,  o f  a c u t e  a s c e n d i n g  p a r a l y s i s  o f  t h e  
c o r d  a n d  o f  B e r i - b e r i ,  a s  s e e n  i n  E n g l a n d ,  i t  i s  n o t  
i m p o s s i b l e ,  a s  M a n s o n  p o i n t e d  o u t  b e f o r e  t h e  B r i t i s h  
M e d i c a l  A s s o s c i a t i o n  i n  1 8 9 8 ,  t h a t  " m a n y  o f  t h e  c a s e s  
o f  s o - c a l l e d  P e r i p h e r a l  N e u r i t i s  i n  B r i t a i n  a r e  r e a l l y  
d u e  t o  B e r i - b e r i , "  s u c h  i n d e e d  a s  t h e  n o t o r i o u s  b e e r -  
- d r i n k e r s  e p i d e m y  i n  1 9 0 0 .
Etiological Theories -
3 .  TH E TH E O R Y  OF O X A L A T E  P O I S O N I N G .
I  m e n t i o n  ¿ t h i s  t h e o r y  b r i e f l y ,  a s  i t  i s  
b a s e d  o n  a  c e r t a i n  a m o u n t  o f  e x p e r i m e n t a l  e v i d e n c e *  
T r e n t l e i n ,  o n  t h e  s t r e n g t h  o f  M a u r e r ’ s  
e x p e r i m e n t s ,  w h o  p r o d u c e d  i n  f o w l s  a  c o n d i t i o n  c l o s e l y  
r e s e m b l i n g  t h a t  o f  B e r i - b e r i  b y  f e e d i n g  t h e m  w i t h  
O x a l i c  A c i d ,  c a r r i e d  o u t  a n d  a m p l i f i e d  s i m i l a r  e x p e r i -  
- m e n t s  b y  u s i n g  o x a l a t e s  a n d  r i c e  m e a l ,  a s  w e l l  a s  
O x a l i c  A c i d .  Me c a m e  t o  t h e  c o n c l u s i o n  f r o m  t h e  
r e s u l t s  o b t a i n e d ,  t h a t  B e r i - b e r i  c o u l d  e n t i r e l y  b e  
a t t r i b u t e d  t o  O x a l a t e  p o i s o n i n g .  He h e l d  i n  t h e  c a s e  
o f  t h e  f o w l s ,  t h a t  t h e  a c t i o n  o f  O x a l i c  A c i d  o r  i t s  
S a l t s  o n  t h e  s y s t e m  w a s  p r o d u c e d  b y  t h e  r e m o v a l  o f  t h e
Et i o 1 o gi cal Theories-
C a l c i u m  S a l t s  f r o m  t h e  a f f e c t e d  t i s s u e s ,  a n d  f u r t h e r  
f o u n d  h e  c o u l d  s t o p  a l l  s y m p t o m s  b y  g i v i n g  a n  e x c e s s  o f  
C a l c i u m  C a r b o n a t e  i n  t h e  f o o d  a n d  s o  f o r m i n g  t h e  i n s o l u j b l e  
C a l c i u m  O x a l a t e .
H e  t h e r e f o r e  c o n c l u d e d  ,  t h a t  a  s i m i l a r  e x c e s s -  
- i v e  p r o d u c t i o n  o f  o x a l i c  a c i d  i n  m a n  w a s  t h e  t r u e  c a u s l e  
o f  B e r i - b e r i .
A s  w i l l  b e  s e e n  l a t e r , w h e n  c o n s i d e r i n g  t h e  
U r i n e  i n  t h i s  d i s e a s e , I  f a i r l y  f r e q u e n t l y  f o u n d  O x a l a t e s  
i n  e x c e s s  m o r e  e s p e c i a l l y  i n  t h e  " m o i s t 1* f o r m  o f  B e r i - b c r i .  
A s  a  r e s u l t  o f  t h i s  I  c a r r i e d  o u t  c e r t a i n  t h e r a p e u t i c  
e x p e r i m e n t s ,  a l s o  r e f e r e d  t o  f u r t h e r  o n ,  b u t  i n  my o w n  
o p i n i o n  t h e  e x c e s s  i n  t h e s e  c a s e s  w a s  m o s t  p r o b a b l y  
d e r i v e d  f r o m  t h e  f o o d  a n d  c e r t a i n l y  O x a l i c  A c i d  p l a y s  
n o  p a r t  i n  t h e  p r o d u c t i o n  o f  t h e  d i s e a s e .
U n d e r  t h e  h e a d i n g  " E x p e r i m e n t s  w i t h  F o w l s "  I  
s h a l l  r e f e r  t o  t h i s  m a t t e r  a n d  w i l l  s h o w  ,  t h a t  a n  
a t t e m p t  o f  m i n e  t o  p r o d u c e  a  c o n d i t i o n  a n a l o g o u s  t o  
B e r i - b e r i  i n  F o w l s  b y  f e e d i n g  t h e m  o n  O x a l i c  A c i d ,  
p r o v e d  a b s o l u t e l y  n e g a t i v e .  T h e r e  w e r e  n o  e v i d e n c e s  
o f  N e u r i t i s  o r  P a r a l y s i s  a n d ,  b e y o n d  a  c e r t a i n  l a c k  o f  
e n e r g y  a n d  w a n t  o f  t o n e  w i t h  l o s s  o f  a p p e t i t e  a n d  d r o o p  
- i n g  o f  t h e  c o m b ,  t h e  b i r d s  s h o w e d  n o n e  o f  t h e  s y m p t o m s  
d e s c r i b e d  b y  M a u r e r  a n d  T r e n t l e i n .
Etiological Theories'
L e t  u s  n o w  p a s s  o n  t o  r e v i e w  a t  g r e a t e r  
l e n g t h  t h e  t w o  m o r e  i m p o r t a n t  t h e o r i e s ,  a t  p r e s e n t  b e f o r e  
t h e  M e d i c a l  w o r l d ;  a s  t h e s e  e m b o d y  a  n u m b e r  o f  d i f f e r e n t  
p o s t u l a t e s ,  I  h a v e  d e c i d e d  t o  c o n s i d e r  t h e m  u n d e r  t h e
h e a d i n g s  o f : ----------- - -
T h e  T o x i - i n f  e c t l o x i s  T h e o r y .
T h e  A l i m e n t a r y  T h e o r y .
M a n y  s u p p o r t e r s  o f  b o t h  v i e w s  e x i s t  a n d  d i f f  
- e r e n t  s c h o o l s  h o l d  m o r e  o r  l e s s  b y  o n e  o r  t h e  o t h e r .
T h e  v e r y  f a c t ,  t h a t  s u c h  d i f f e r e n t  t h e o r i e s  c a n  s t i l l  
b e  e n t e r t a i n e d ,  p r o v e s  v e r y  c l e a r l y  h o w  f a r  o f f  e i t h e r  
o n e  o r  t h e  o t h e r  i s  f r o m  b e i n g  i n c o n t r o v e r t a b l e .
A t  t h e  m e e t i n g  o f  T h e  S o c i e t j r  o f  T r o p i c a l  
M e d i c i n e  a n d  H y g i e n e  h e l d  i n  A p r i l  1 9 0 9 ,  w h e n  t h e  s u b -  
- j e c t  o f  B e r i - b e r i  w a s  u p  f o r  d i s c u s s i o n ,  t h e  f i n a l  
w o r d s  o f  t h e  P r e s i d e n t ,  S i r  P a t r i c k  M a n s o n ,  o n  t h e  
q u e s t i o n  w o r e  t h e s e r . . . . . " T h e  w e i g h t  o f  o p i n i o n  a m o n g s t  
t h o s e ,  w h o  h a v e  s p o k e n  i n  t h i s  d i s c u s s i o n  i s  o p p o s e d  t o  
t h e  r i c e  t h e o r y  o f  t h e  o r i g i n  o f  B e r i b e r i .  S t i l l  m a n y  
c a p a b l e  o b s e r v e r s  h a v e  d e l i b e r a t e l y  a d o p t e d  t h e  h y p o t h e j s i s  
a f t e r  h a v i n g  o p p o s e d  i t .  T h e  S o c i e t y  w i l l  h e s i t a t e  t o  
s a y ,  t h a t  t h e s e  m e n  a r e  w r o n g ,  h u t  u n t i l  w e  h a v e  m o r e  
f a c t s  a t  o u r  d i s p o s a l ,  my o w n  p o s i t i o n  i s  o n e  o f  s u s -  
- p e n d e d  j u d g e m e n t . "
K e e p i n g  t h e n  t h e  d i c t u m  o f  s u c h  a  h i g h  a u t h o r -  
- i t y  i n  m i n d , l e t  u s  p a s s  o n  t o  c o n s i d e r  t h e  d i f f e r e n t  
a r g u m e n t s ,  t h a t  h a v e  b e e n  u r g e d  i n  s u p p o r t  o f  o n e  o r  
t h e  o t h e r  s i d e .
Etiological Theories— —
4 .  T H E  T 0 X 1  - I N F E C T  I  Q'Ji  T H E O R Y ,
E a r t h ,  G r o u n d  o r  P l a c e  i n f e c t i o n  h a v e  
h a d  m a n y  a d v o c a t e s .  T h e  c o n s t a n t  r e c u r e n c e s  o f  t h e  
d i s e a s e  i n  S h i p s ,  P r i s o n s  a n d  I n s t i t u t i o n s  h a v e  b e e n  
u r g e d  i n  s u p p o r t  o f  i t ,  b u t  s o  o f t e n  c e s s a t i o n  h a s  
o c c u r e d ,  w i t h o u t  a n y  M e t e o r o l o g i c a l  c h a n g e  t o  a c c o u n t  
f o r  i t ,  a n d  w i t h  s u c h  s u d d e n e s s ,  t h a t  i t  p r a c t i c a l l y  
d i s p o s e s  o f  t h i s ,  a s  a  p l a u s i b l e  p o s s i b i l i t y .  S u c h  a  
s u d d e n  c e s s a t i o n  o c c u r e d ,  f o r  i n s t a n c e ,  i n  t h e  S i n g a p o r e  
G a o l  i n  1 9 0 4 .  F u r t h e r ,  i f  i n f e c t i o n  w e r e  t o  a r i s e  f r o m  
t h i s  c a u s e ,  t h o r o u g h  d i s - i n f a c t i o n  s h o u l d  b e  a c c o m p a n i e d  
b y  e x t r e m e l y  h a p p y  r e s u l t s ,  b u t  t h i s  h a s  b e e n  s h o w n  t o  
b e  n o t o r i o u s l y  i n e f f e c t u a l .
I t  i s  a l w a y s  a l l e g e d ,  t h a t  r e m o v a l  f r o m  
a n  i n f e c t e d  a r e a  i s  f o l l o w e d  b y  r a p i d  r e c o v e r y ,  t h i s  
i s  o f t e n  v e r y  s t r i k i n g l y  t r u e ,  b u t  i t  m u s t  b e  r e m e m b e r e d
( a ) .  T h a t  t h e  c a s e s ,  w h i c h  a r e  f i t  f o r  r e m o v a l ,  a r e  n o t  
t h o s e ,  w h i c h  a r e  m o s t  s e r i o u s l y  i l l .
( b ) .  T h a t  t h e  l o c a l i t y ,  t o  w h i c h  t h e y  a r e  t a k e n , i s  
o f t e n  a  h e a l t h i e r  o n e  i n  e v e r y  w a y .
( c ) .  T h a t  t h e r e  i s  f r e q u e n t l y  a n  a c c o m p a n y i n g  a l t e r a t i o n  
i n  t h e  d i e t e t i c  r e g i m e .
I  d o  n o t  t h i n k  f r o m  my o w n  e x p e r i e n c e ,
t h a t  p l a c e  i n f e c t i o n  h a s  a n y t h i n g  t o  d o  w i t h  t h e  d i s e a s e .  
I n  C h r i s t m a . s  I s l a n d  t h e  c o o l i e  h o u s e s  w e r e  w e l l - b u i l t ,  
w e l l - v e n t i l a t e d  a n d  d r y ,  . a n d  w e r e  r e g u l a r l y  d i s - i n f e c t e d , ,
s t i l l  c a s e s  o f  B e r i - b e r i  c o n t i n u e d  t o  o c c u r  i n  l a r g e  
n u m b e r s  a n d  w e r e  m u c h  m o r e  p r e v a l e n t ,  t h a n  i n  m a n y  
p l a c e s , s u c h  a s  n a t i v e  v i l l a g e s  i n  M a l a y a  o r  t h e  f o ' c a s  
- t i e s  o f  s h i p s , w h e r e  t h e  h y g i e n i c  s u r r o u n d i n g s  a r e  
a n y t h i n g  b u t  i d e a l .
Etiological Theories-- — -
F r o m  t i m e  t o  t i m e  s e v e r a l  d i f f e r e n t  o b s e r v e r  
h a v e  c l a i m e d  t o  h a v e  d i s c o v e r e d  t h e  m i c r o - o r g a n i s m  
c a u s a t i v e  o f  B e r i - b e r i  a n d  I  w i l l  b r i e f l y  r e f e r  t o  t h e  
m o r e  i m p o r t a n t  o f  t h e s e .
T h e y  m a y  w e l l  b e  d i v i d e d  i n t o : — —
A .  B A C T E R I A  f o u n d  i n  t h e  B L O O D .
B .  B A C T E R I A  f o u n d  i n  t h e  U R I N E .
C .  B A C T E R I A  f o u n d  i n  t h e  A L I M E N T A R Y  T R A C T .
A .  B a c t e r i a  i n  t h e  B l o o d .
( a ) .  P e k e l h a r i n g  a n d  W i n k l e r ' s  M i c r o c o c c u s .
T h e s e  t w o  D u t c h  p h y s i c i a n s  w e r e  p r o b a b l y  t h e  
e a r l i e s t  t o  p r o d u c e  a n y  r e a l l y  s c i e n t i f i c  w o r k  o n  t h e  
s u b j e c t ,  f o r ,  a s  f a r  b a c k  a s  1 3 9 0 ,  t h e y  p u b l i s h e d  t h e  
r e s u l t s  o f  t h e i r  l a b o u r s  i n  t h e  D u t c h  E a s t  I n d i e s - - -  
S u m a t r a  a n d  J a v a — - .  T h e y  s u c c e e d e d  i n  i s o l a t i n g  a  
m i c r o c o c c u s ,  w h i c h  t h e y  c o n s i d e r e d  t o  b o  t h e  c a u s a l  
a g e n t  o f  B e r i b e r i .  H a v i n g  e x h a u s t i v e l y  e x a m i n e d
t h e  b l o o d ,  o r g a n s  a n d  t i s s u e s  o f  s u b j e c t s ,  w h o  h a d  
d i e d  o f  t h i s  d i s e a s e ,  t h e y  w e r e  u n a b l e  t o  o b t a i n  a n y  
p o s i t i v e  r e s u l t s .  T h e n  t h e y  t u r n e d  t o  t h e  i n v e s t i g a t i o n  
o f  t h e  b l o o d  o f  t h o s e  a c t u a l l y  s u f f e r i n g  f r o m  B e r i b e r i ,  
a n d  w e r o  a b l e  t o  s h o w ,  t h a t  i 1̂  n e a r l y  e v e r y  c a s e ,
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b a c t e r i a  c o u l d  b e  d e m o n s t a t e d  i n  t h e  s t a i n e d  b l o o d  f i l m s .  
T h e n  t h e y  e n d e a v o u r e d  t o  i s o l a t e  t h e s e  b y  i n o c u l a t i n g  
a  v a r i e t y  o f  d i f f e r e n t  m e d i a .
R E S U L T S .
O u t  o f  8 0  c a s e s  i n  w h i c h  t h e  b l o o d  h a d  b e e n  
f o u n d  t o  b e  i n f e c t e d ,  i n  6 5  t h e  m e d i a  c o n t i n u e d  s t e r i l e j ,  
w h i l e  o n  o n l y  t h e  r e m a i n i n g  1 5  w a s  a  g r o w t h  a p p a r e n t .
O u t  o f  t h e s e  1 5  o n l y  9  w e r e  u n i f o r m  a n d  p o s i t i v e ,  3  
p r o v e d  t o  b e  d u e  t o  a  b a c i l l u s ,  a n d  3  t o  d i f f e r e n t  
m i c r o c o c c i  f r o m  w h i c h  s u b - c u l t u r e s  w e r e  u n a t t a i n a b l e .
T h e  m e d i a  e m p l o y e d  w a s  p e p t o n i z e d  b r o t h ,  
t h i c k e n e d  w i t h  g e l a t i n  t o  w h i c h  t h e  b l o o d  w a s  a d d e d ,  
a n d  t h e n  p o u r e d ,  w h i l e  s t i l l  l i q u i d ,  o v e r  a  c u l t i v a t i o n  
p l a t e .  T h e  m i c r o c o c c u s  w a s  d e s c r i b e d  a s  h a v i n g  a  w h i t e  
s h i n i n g  s u r f a c e  a n d  l i q u e f y i n g  g e l a t i n .  F r o m  s u b - c u l -  
- t u r e s ,  i n o c u l a t i o n s  w e r e  m a d e  o n  r a b b i t s  a n d  d o g s .
I n  6  o u t  o f  7  r a b b i t s  a n d  i n  1  o u t  o f  2  d o g s  c e r t a i n  
n e r v e  d e g e n e r a t i o n s  o c c u r e d , e s p e c i a l l y  n o t i c a b l e  i n
t h o s e  s u p p l y i n g  t h e  h i n d - l i m b s .
T h e  c o n c l u s i o n  t h e y  c a m e  t o  w a s ,  t h a t  t h i s  
o r g a n i s m ,  w h i c h  t h e y  t e r m e d  " t h e  w h i t e  m i c r o c o c c u s ' , '  
w a s  t h e  t r u e  c a u s e  o f  B e r i b e r i ,  e n t e r i n g  b y  t h e  r e s p i r -  
- a t o r y  t r a c t ,  i n f e c t i n g  t h e  b l o o d  a n d  r e q u i r i n g  r e p e a t  
- e d  i n t r o d u c t i o n  t o  p r o d u c e  t h e  d i s e a s e .
C R I T I C I S M .
T h e  f a c t ,  t h a t  t h e r e  w e r e  o n l y  9  p o s i t i v e  
r e s u l t s  o u t  o f  8 0  c a s e s ,  i n  w h i c h  b l o o d  i n f e c t i o n  w a s  
a s c e r t a i n e d  b e f o r e h a n d ,  c a s t s  g r a v e  d o u b t s  o n  t h e  
a c c u r a c y  o f  t h e i r  c o n c l u s i o n s .  F u r t h e r  i n  t h e  i n o c u l -
- a t e d  a n i m a l s
d e g e n e r a t i o n  o f  c e r t a i n  n e r v e s w a s  c o n s i d e r e d  p o s i t i v e  
e v i d e n c e  o f  t h e  d i s e a s e ,  w h i l e  o t h e r  c l i n i c a l  a n d  
p a t h o l o g i c a l  f e a t u r e s  w e r e  i g n o r e d  o r  a t  l e a s t  n o t  
r e c o r d e d .
--------------------------
( b ) .  G e r a r d ’ s  M i c r o c o c c u s .
L a t e r  G e r a r d  o f  t h e  F e d e r a t e d  M a l a y  S t a t e s  
M e d i c a l  S e r v i c e  c a r r i e d  o u t  s i m i l a r  e x p e r i m e n t s  t o  
t h e  a b o v e  a n d  s u p p o r t e d  t h e  o b s e r v a t i o n s  o f  P e k e l l i a r i r j g  
a n d  W i n k l e r .  A s  a  r e s u l t  o f  t h e s e  h e  i s o l a t e d  t w o  
f o r m s  o f  m i c r o c o c c i ,  o n e  f o r m i n g  a  w h i t e  c o l o n y , h e l d  
t o  b e  t h e  s a m e  a s  d e s c r i b e d  b y  t h e  t w o  D u t c h  o b s e r v e r s ,  
a n d  t h e  o t h e r  f o r m i n g  a  g o l d e n - t a n  c o l o u r e d  c o l o n y .
T h e  t w o  v a r i e t i e s ,  h e  h e l d ,  b e i n g  i n  s o m e  w a y  c o n n e c t e d  
w i t h  t h e  t w o  p r i n c i p a l  f o r m s  o f  t h e  c o m p l a i n t .
( c ) .  D a n g e r f i e l d ’ s  M i c r o c o c c u s .
A g a i n  i n  1 9 0 5  D a n g e r f i e l d ,  p u b l i s h e d  a  t r e a t i s e  
o n  t h e  s u b j e c t  s h o w i n g ,  h o w  h e  h a d  o b t a i n e d  c u l t u r e s  
f r o m  t h e  b l o o d  o f  B e r i b e r i c s  p r i c k e d  t h r o u g h  t h e  s k i n ^
H e  m a i n t a i n e d ,  t h a t  t h e  d i s e a s e  w a s  b o t h  i n f e c t i o u s  
a n d  c o n t a g i o u s .  A s  i n  t h e  c a s e  o f  P e k e l h a r i n g  a n d  
W i n k l e r ,  h e  s o u g h t  t o  s u b s t a n t i a t e  h i s  c o n c l u s i o n s  b y  
e x p e r i m e n t a l  i n o c u l a t i o n  o f  a n i m a l s , a n d  p r o d u c e d  I n  
s o m e  p a r a l y t i c  s y m p t o m s  s i m i l a r  t o  t h o s e  o f  B e r i - b e r i .
H e  a l s o  f o u n d  t h e  s a m e  o r g a n i s m  i n  t h e  G a s t r i c  c o n t e n t s ,  
r e m o v e d  b y  t h e  s t o m a c h  t u b e ,  a n d  l a t e r  i n  t h e  S p u t u m  
a n d  F o e c e s ,  a s  w e l l  a s  t h e  a i r  a n d  t h e  s o i l .  I n  h i s  
t r e a t i s e  o n  t h e  s u b j e c t  h e  p a v e  a  f u l l  a c c o u n t  o f  t h e  
m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h i s  o r g a n i s m .
Etiological Theories—  ---
D a n g e r f i e l d  w a s  e s p e c i a l l y  s t r u c k  b y  t h e  
c o n s t a n c y  o f  d i g e s t i v e  d i s t u r b a n c e s  i n  a l l  c a s e s  o f  
B e r i - b e r i ,  a n d  b y  t h e  p r e s e n c e  o f  p a t h o l o g i c a l  l e s i o n s  
i n  t h e  G a s t r o - i n t e s t i n a l  T r a c t .
Etiological Theories —
( d ) .  ' O k a t a  a n d  K o k u b o ' s  K a k k e c o c c u s .
T h e  c o n s i d e r a t i o n  o f  B a c t e r i a  f o u n d  i n  t h e  
b l o o d  w o u l d  b e  i n c o m p l e t e  w i t h o u t  a  r e f e r e n c e  b e i n g  
m a d e  t o  t h e  p a p e r  p u b l i s h e d  b y  O k a t a  a n d  K o k u b o  i n  
c o n n e c t i o n  w i t h  w o r k  d o n e  o n  t h e  s u b j e c t  o f  B e r i - b e r i ,  
a m o n g s t  t h e  s i c k  d u r i n g  t h e  R u s s o - J a p a n e s e  W a r .
T h e  m a t e r i a l  a t  t h e i r  d i s p o s a l  w a s  e n o r m o u s ,  
a n d  i t  i s  n o t  g e n e r a l l y  k n o w n ,  t h a t  a t  a  m i n i m u m  t h e  
c a s e s  n u m b e r e d  f r o m  7 5 , 0 0 0  t o  8 0 , 0 0 0 ; i n  f a c t  t h e  a b r u p  
t e r m i n a t i o n  o f  t h e  w a r ,  a n d  t h e  a c c e p t a n c e  o f  t e r m s  
s c a r c e l y  i n  a c c o r d a n c e  t o  t h e  p o s i t i o n  o b t a i n e d ,  w a s  
e n t i r e l y  d u e ,  a c c o r d i n g  t o  a  h i g h  J a p a n e s e  m i l i t a r y  
a u t h o r i t y , t o  t h e  f a c t , , t h a t  t h o s e  i n  p o w e r  r e a l i z e d  
t h a t  t h e  r a t e  o f  i n c r e a s e  o f  c a s e s  o f  B e r i - b e r i  w a s  
g e t t i n g  b e y o n d  a l l  c o n t r o l ,  a n d  t h a t  i t  w a s  t h i s  a n d  
n o t  p e c u n i a r y  d i f f i c u l t y ,  t h a t  d e c i d e d  t h e  u l t i m a t e  
i  s  s u e .
K o k u b o ’ s  m e t h o d  o f  t a k i n g  t h e  b l o o d  w a s  a s  
f o l l o w s ,  a n d  a s  i t  i s  w o r t h y  o f  n o t e  I  q u o t e  h i s  o w n
w o r d s —  ” A n  a r e a  o n  t h e  b a c k  o v e r  t h e  T r a p e z i u s
m u s c l e  w a s  c l e a n s e d  a n t i s e p t i c a l l y  a n d  a  p u n c t u r e  
m a d e  w i t h  a  s t e r i l e  n e e d l e .  A  f o l d  o f  s k i n  w a s  t h e n  
r a i s e d ,  b e t w e e n  t w o  f i n g e r s  o f  t h e  o p e r a t o r s  c l e a n s e d  
h a n d  a n d  f i r m  p r e s s u r e  a p p l i e d . * 1
A l t h o u g h  d i r e c t  p u n c t u r e  o f  t h e  m e d i a n  c e p h a l  
v e i n  w a s  s u g g e s t e d ( K o k u b o  r e f u s e d  t o  e m p l o y  t h j . s  n -  i .no
Etiological Theories-
T h e s e  o b s e r v e r s  t h e n  i s o l a t e d  a n  o r g a n i s m ,  t o  
w h i c h  t h e y  g a v e  t h e  n a m e  o f  " K a k k e c o c c u s ” . I t  w a s  
f o u n d  i n  t h e  b l o o d  o f  1 2 9  c a s e s ,  p a r t l y  b y  m i c r o s c o p i c  
e x a m i n a t i o n ,  p a r t l y  b y  c u l t u r e  a n d  p a r t l y  b y  b o t h ,  m e a n  
a n d  w a s  d e s c r i b e d  a s  b e i n g  b o t h  i n t r a -  a n d  e x t r a - c e l l  
- u l a r .  U s u a l l y  i t  w a s  g r o u p e d  a s  a  d i p l o c o c c u s ,  b u t  
o c c a s i o n a l l y  i n  b u n d l e s  l i k e  s t a p h l o c o c c i  a n d  e v e n  i n  
s t r e p t o c o c c a l  c h a i n s .  T h e  m i c r o c o c c u s  w a s  n e v e r  a b u n d  
- a n t ,  b e i n g  a b o u t  o n e  t o  a  f i e l d ;  i t  s t a i n e d  w e l l  w i t h  
A n i l i n e  d y e s ,  s u c h  a s  L o e f f l e r 1 s  A l k a l i n e  B l u e  a n d  
e s p e c i a l l y  b y  t h e  m e t h o d  o f  S e m e n o w i c z  a n d  M a r z i n o w s k y  
( a  c o m b i n a t i o n  o f  Z e i l l  a n d  L o e f f l e r * s  m e t h o d s ) .
C u l t u r e s .
o
A g a r - a g a r .  T e m p :  3 7 o C ,  g r e y i s h  g r o w t h  v i s i b l e  i n
1 2  h o u r s ,  b e c o m i n g  y e l l o w  l a t e r .
B r o t h .  C l o u d y  i n  1 5  h o u r s ,  l a t e r  a  v e r y
£.
s h i n y  g r e y  d e p o s i t .
C e l a t i n .  G r e y  g r o w t h  b e c o m i n g  y e l l o w  i n  3  w e e k  
n o  l i q u e f a c t i o n .
B l o o d  S e r u m .  R i c h  g r e y  c u l t u r e  i n  1 8  h o u r s ,
s p r e a d i n g  l a t e r a l l y  i n  a n  a r b o r e s c e n t  
f o r m .
I t  d o e s  n o t  f e r m e n t  s u g a r ,  g r o w s  i n  M i l k  w i t h o u t  
c o a g u l a t i o n  o f  t h e  c a s e i n ,  a n d  d o c s  n o t  a l t e r  
l i t m u s .
T h e y  s u c c e e d e d  i n  f i n d i n g  a  s i m i l a r  o r g a n i s m  i n  t h e  
U r i n e  a n d  F o e c e s  o f  p a t i e n t s  s u f f e r i n g  f r o m  B e r i - b e r i ,  
t h i s  w i l l  b e  r e f e r e d  t o  l a t e r  u n d e r  H e r z o g ' s  e x p e r i m e n t  
I n  t h e  J a p a n e s e  m i l i t a r y  s e r v i c e  a u t o p s i e s  c a n  o n l y  b e
Etiological Theories-
d o n e  w i t h  t h e  s p e c i a l  p e r m i s s i o n  o f  t h e  d e a d  m a n ’ s  
f a m i l y ,  t h i s  i s  r a r e l y  g r a n t e d ,  a n d  s o  t h e  n u m b e r  o f  
P o s t - m o r t e m  E x a m i n a t i o n s  m a d e  b y  t h e s e  o b s e r v e r s  w a s  
e x t r e m e l y  l i m i t e d .  O k a t a  h o w e v e r  i n  o n e  c a s e  i s o l a t e  
t h e  K a k k e c o c c u s  f r o m  t h e  K i d n e y  a n d  t h e  C e r e b r o - s p i n a l  
F l u i d .  F u r t h e r  t h e y  e x p e r i m e n t e d  w i t h  a n i m a l s ,  i n j e c  
- i n g  t h e m  i n t r a - p e r i t o n e a l l y  a n d  s u b c u t a n e o u s l y ,  b u t  
w i t h o u t  v e r y  d e f i n i t e  r e s u l t s ;  r a b b i t s ,  p i g s ,  a n d  w h i t  
m i c e  w e r e  a l l  t r i e d  a n d  s e v e r a l  d i e d , ( 3  o u t  o f  1 9  r a b  
- b i t s , 1 7  o u t  o f  6 4  w h i t e  m i c e ) ,  b u t  t h e  d o s e s  i n  t h e  
f a t a l  c a s e s  w e r e  v e r y  l a r g e  a n d  n o  s t a t e m e n t  w a s  m a d e  
a s  t o  t h e  c o n d i t i o n  o f  t h e  p e r i p h e r a l  n e r v e s .
F i n a l l y  K o k u b o  c l a i m e d  t o  h a v e  p r e p a r e d  a n  
a n t i s e r u m  f r o m  i n j e c t e d  r a b b i t s ,  w h i c h  i n  t w o  h o u r s  
c a u s e d  a g g l u t i n a t i o n  o f  1  i n  1 0 0 .
C r i t i c i s m s .
M a n y  c a n  b e  r a i s e d  a g a i n s t  t h e  m e t h o d s  e m p l o y e e
i n  t h i s  i n v e s t i g a t i o n .  T h e  m o d e  o f  o b t a i n i n g  t h e  b l o o d
b y  p u n c t u r e  t h r o u g h  t h e  s k i n ,  w h i c h  i s  f i r m l y  s q u e e z e d ,
i s  a l t o g e t h e r  u n s a t i s f a c t o r y .  T h e  a b s e n c e  o f  s u f f i c i e n t
p o s t - m o r t e m  d a t a  i n  c a s e s  t h a t  d i e d ,  a n d  t h e  n e g l e c t
t o  r e p o r t  o n  t h e  s t a t e  o f  t h e  p e r i p h e r a l  n e r v e s  i n  t h é
a n i m a l s ,  t h a t  s u c c u m b e d ,  a r e  a l s o  u n f o r t u n a t e  o m i s s i o n s
L a s t l y  i t  m u s t  b e  r e m e m b e r e d ,  t h a t  a c u t e  p e r n i c i o u s
f o r m s  o f  t h e  d i s e a s e  d i d  n o t  c o m e  u n d e r  o b s e r v a t i o n ,  
a »
b u t  d i e d  a t  t h e  f r o n t .
E x p e r i m e n t s  a t  C h r i s t m a s  I s l a n d .
B e f o r e  l e a v i n g  t h è  s u b j e c t  o f  t h è  v a r i o u s  
b a c t e r i a  f o u n d  i n  t h è  b l o o d  i n  c a s e s  o f  B e r i - b e r i ,
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m a y  I  s t a t e  b r i e f l y  t h e  e x p e r i m e n t s ,  t h a t  I  c a r r i e d  
o u t  i n  C h r i s t m a s  I s l a n d .
W o r k i n g  i n  t h e  s m a l l  l a b o r a t o r y  a t  my d i s p o s  
a n d  u s i n g  t h e  s t r i c t e s t  p r e c a u t i o n s ,  I  w a s  u n a b l e  a t  
a n y  t i m e  t o  o b t a i n  c u l t u r e ®  f r o m  t h e  b l o o d ;  i t  i s  t r u e  
t h a t  o c c a s i o n a l l y  a  g r o w t h  d i d  o c c u r  i n  t h e  m e d i a ,  b u t  
t h i s  w a s  p r o v e d  t o  b e  a c c i d e n t a l ,  b e i n g  c a u s e d  i n  a l -  
- m o s t  e v e r y  c a s e  b y  t h e  S t a p h l o c o c c u s  P y o g e n e s  A l b u s .
A t  t h e  c o m m e n c e m e n t  o f  t h e  i n v e s t i g a t i o n  I  
d e t e r m i n e d  t o  a p p r o a c h  t h e  s u b j e c t  o n  t h e  f o l l o w i n g  
l i n e s ; --------------
( 1 ) .  T o  m a k e  c u l t u r e s  f r o m  t h e  b l o o d ,  u r i n e  a n d  
c e r e b r o - s p i n a l  f l u i d  o f  t y p i c a l  c a s e s  o f  B e r i -  
- b e r i  o f  a l l  f o r m s  a n d  a t  v a r i o u s  s t a g e s  o f  t h d  
d i s e a s e .
( 2 ) .  T o  m a k e  s e v e r a l  c o n t r o l s  f r o m  t h e  b l o o d  o f  
h e a l t h y  p e r s o n s .
( 3 ) .  T o  w i t h d r a w  t h e  b l o o d  f r o m  t h e  M e d i a n  B a s i l i c  
V e i n ,  a f t e r  c a r e f u l  s t e r i l i z a t i o n  o f  t h e  s k i n  
b y  m e a n s  o f  I o d i n e .  T o  d o  t h i s  w i t h  a  s t e r i l e  
n e e d l e ,  a n d  t o  i n o c u l a t e  t h e  m e d i a  d i r e c t  f r o m  
t h e  n e e d l e  w i t h o u t  u s i n g  a  s y r i n g e .
T o  w i t h d r a w  t h e  u r i n e  b y  m e a n s  o f  a  s t e r i l e  
c a t h e t e r ,  a n d  t o  o b t a i n  t h e  c e r e b r o - s p i n a l  
f l u i d  b y  m e a n s  o f  p u n c t u r e  b e t w e e n  t h e  s e c o n d  
a n d  t h i r d  L u m b a r  V e r t e b r a e .
( 4 ) .  T o  u s e  b r o t h  c a r e f u l l y  s t e r i l i z e d  a n d  n e u t r a l -  
- i z e d  a s  t h e  m e d i a ,  a n d  t o  m a k e  s u b - c u l t u r e s  
o n  A g a r  a n d  B l o o d  A g a r ®
E t i o l o g i c a l  T h e o r i e s  -
( 5 ) .  T o  i n o c u l a t e  a n i m a l s  a n d  f o w l s  w i t h  t h e  s u b c u l t u r e s  
a n d  a l s o  d i r e c t l y  w i t h  t h e  b l o o d  a n d  c e r e b r o - s p i n a l  
f l u i d .
B y  s u c h  m e a n s  i t  w a s  h o p e d ,  t h a t  s h o u l d  a n y  
c a u s a l  o r g a h i s m  b e  p r e s e n t  i n  t h e  b l o o d ,  i t  w o u l d  n o t  
b e  m i s s e d , a n d  a t  t h e  s a m e  t i m e ,  t h a t  e x t r a n e o u s  c o n -  
- t a m i n a t i o n  w o u l d  b e  a v o i d e d  a s  f a r  a s  p o s s i b l e .
I  d o  n o t  o f  c o u r s e  l a y  a n y  c l a i m  t o  o r i g i n »  
- a l i t y  i n  t h e s e  e x p e r i m e n t s ,  b u t ,  a s  s h o r n  a l r e a d y ,  
s o  m a n y  o b s e r v e r s  h a v e  i n  t h e  p a s t  d i s c o v e r e d  o r g a n i s e s  
i n  t h e  b l o o d , a n d  t h i s  h a s  b e e n  d e n i e d  b y  s o  m a n y  o t h e r s ,  
t h a t  i t  s e e m e d  t o  me t o  b e  w o r t h  w h i l e  t o  c o n v i n c e  
o n e s e l f  b y  p e r s o n a l  i n v e s t i g a t i o n  o f  t h e  m a t t e r .
I n  a l l  3 0  c a s e s  o f  B e r i - b e r i  w e r e  t a k e n :
A- 1 0  s h e w e d  o n l y  t h e  v e r y  e a r l i e s t  s y m p t o m s  o f  t h e  d i s e a s e  
3 .  1 0  w e r e  w e l l  m a r k e d  c a s e s :
C. 2  w e r e  a c u t e  p e r n i c i o u s  c a s e s :
8  w e r e  c a s e s  o f  c o n s i d e r a b l e  d u r a t i o n ,  w h o  h a d  h ad  
p r e v i o u s  a t t a c k s .
C o n t r o l s  w e r e  m a d e  f r o m  1 2  h e a l t h y  m e n .
F u r t h e r  t h e  c e r e b r o - s p i n a l  f l u i d  w a s  t a k e n  f r o m  
1 2  o f  t h e s e  c a s e s , t h e  u r i n e  f r o m  2 0  a n d  t h e  
p e r i c a r d i a l  f l u i d  f r o m  t h e  2  f u l m i n a t i n g  c a s e s .
RESULTS.
B I Q O D .  O u t  o f  3 0  c a s e s  t h e  b l o o d  w a s  s t e r i l e  i n  2 7
O f  t h e  t h r e e  c a s e s , ,  t h a t  g a v e  a  g r o w t h ,  2  ? / e r e  
c h r o n i c  a n d  o n l y  o n e  w a s  a  w e l l  d e v e l o p e d  i n -
- s t a n c e  o f  t h e  d i s e a s e .  T h e  g r o w t h s  w e r e  a l i k e  
a n d  i n d i s t i n g u i s h a b l e  f r o  : t h a t  o f  S t a p h : P y o : A l 3 U S ,
O u t  o f  1 2  h e a l t h y  p e r s o n s  1 0  t u b e s  w e r e  
s t e r i l e ,  a n d  2  w e r e  i n f e c t e d ,  o n e  w i t h  S t a p h :  
P y o :  A l b :  a n d  t h e  o t h e r  w i t h  S t a p h :  P y o :  A u r e u s .
C E R E B R O - S P I N A L  F L U I D .  G r o w t h  w a s  o b t a i n e d  i n  o n l y  
2  o u t  o f  1 2  c a s e s ,  a n d  w a s  a g a i n  d u e  t o  t h e  
c o m m o n  p y o g e n i c  o r g a n i s m s .
P E R I C A R D I A L  F L U I D .  S t e r i l e  i n  b o t h  c a s e s .
U R I N E .  I n  1 2  c a s e s  t h e  m e d i a  r e m a i n -
- e d  s t e r i l e  a n d  c l e a r .  I n  t h e  r e m a i n d e r  ( 3 )  
c l o u d i n e s s  o f  t h e  b r o t h  o c c u r e d ,  a n d  s u b c u l t u r e s  
s h e w e d  a  v a r i e t y  o f  d i f f e r e n t  o r g a n i s m s ,  S t a p h :  
A l b :  a n d  A u r : ,  S t r e p t o c o c c u s ,  a n d  M i c r o c o c c u s  
T e t r a g o n u s  b e i n g  r e c o g n i z e d .
I t  m u s t  b e  p o i n t e d  o u t , i n  e x t e n u a t i o n  o f  t h e  
f a c t ,  t h a t  t h e  r e s u l t s  w e r e  n o t  a b s o l u t e l y  u n i f o r m ,  
t h a t  i n  o r d e r  o n l y  t o  e m p l o y  s u i t a b l e  c a s e s ,  t h e s e  
i n v e s t i g a t i o n s  w e r e  s p r e a d  o v e r  a  c o n s i d e r a b l e  p e r i o d  
( 1 8  m t h s ) .  A l s o ,  t h o u g h  a s  f a r  a s  p o s s i b l e  f r e s h l y  
p r e p a r e d  m e d i a  w a s  u s e d ,  i t  w a s  n o t  a l w a y s  p o s s i b l e  t o  
d o  s o ;  a n d  f i n a l l y , t h a t ,  w o r k i n g  u n d e r  s o m e w h a t  a m a t -  
- e u r  c o n d i t i o n s ,  i n  a  c l i m a t e  l i k e  t h a t  o f  C h r i s t m a s  
I s l a n d ,  w h e r e  a l l  y e a r  r o u n d  t h e  t e m p e r a t u r e  i s  a l m o s t  
t h a t  o f  a n  i n c u b a t i n g  c h a m b e r ,  t h e  m o s t  c a r e f u l  
t e c h n i q u e  i s  a p t  t o  h o  u n c e r t a i n .
I n  a n y  c a s e  I  f e l t  c o n v i n c e d  i n  my  o w n  m i n d ,  
t h a t  w i t h  d u e  c a r e  t h e  b l o o d  a n d  c e r e b r o - s p i n a l  f l u i d  
o f  c a s e s  o f  B e r i - b e r i  c a n  a l w a y s  b e  s h o w n  t o  b e  s t e r i l e  
o n  o r d i n a r y  m e d i a ,  a n d t h a t  t h e  i n f e c t e d  t u b e s  i n  m y  
e x p e r i m e n t s  w e r e  d u e  t o  s o m e  n e g i l e n c e  o n  m y  p a r t  
d u r i n g ;  t h e  p r o c e s s  o f  i n o c u l a t i o n .  T h i s  i s  f u r t h e r
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s u b s t a n t i a t e d  b y  t h e  f a c t ,  t h a t  t h e  r e s u l t i n g  g r o w t h s  
w e r o  n o t  s i m i l a r  t o  e a c h  o t h e r ,  a n d  c o r r e s p o n d e d  t o o  
c l o s e l y  t o  t h e  a p p e a r a n c e s  o f  w e l l  k n o w n  p y o g e n i c  
o r g a n i s m s  t o  h a v e  a n y  i m p o r t a n c e  a t t a c h e d  t o  t h e m  
w h a t e v e r .
T h e s e  r e s u l t s  d i d  n o t  e n c o u r a g e  o n e  t o  p r o c e e d  
w i t h  t h e  f u r t h e r  i n o c u l a t i o n  o f  a n i m a l s ,  a n d  n o  i n j e c t -  
- i o n s  w e r e  g i v e n  f r o m  t h e  s u b - c u l t u r e s .  D i r e c t  i n o c u i -  
- a t i o n  w i t h  t h e  b l o o d  o f  w e l l  m a r k e d  c a s e s  w a s  h o w e v e r  
a t t e m p t e d .  F o w l s  w e r e  i n j e c t e d  s u b - p e r i t o n e a l l y  
w i t h  a l l  a s e p t i c  p r e c a u t i o n s ,  a n d  t h e  r e s u l t s  w e r e  
a b s o l u t e l y  n e g a t i v e :  t h e  b i r d s  s h o w e d  n o  c h a n g e  a t  a l l  
t h o u g h  r e c e i v i n g  r e p e a t e d  d o s e s ,  a n d  i n  a  s i m i l a r  
m a n n e r  2  G u i n e a - p i g s  p r o v e d  t o  b e  u n a f f e c t e d .
A  d o g  i n j e c t e d  w i t h  c e r e b r o - s p i n a l  f l u i d  
s h e w e d  d i s t i n c t  p a r e s i s  o f  t h e  h i n d  l i m b s  f o r  a  p e r i o d ,  
o f  1 2  d a y s ,  w h i c h  p a s s e d  o f f  c o m p l e t e l y ;  t h i s  e x p e r i ­
m e n t  w a s  u n f o r t u n a t e l y  c o m p l i c a t e d  b y  t h e  f a c t ,  t h a t  
h e  w a s  b i t t e n  b y  t h e  m o n k e y  r e f c r e d  t o  i n  t h e  n e x t  
p a r a g r a p h .
\
T h e  o n l y  r e a l l y  p o s i t i v e  r e s u l t  w a s  i n  t h e  
c a s e  o f  a  m o n k e y ,  i n o c u l a t e d  w i t h  a n  e m u l s i o n ,  m a d e  
i m m e d i a t e l y  a f t e r  d e a t h ,  f r o m  t h e  a f f e c t e d  n e r v e s  o f  
a  p a t i e n t ,  w h o  h a d  d i e d  o f  t h e  a c u t e  p e r n i c i o u s  f o r m .
I n  t h i s  c a s e  a  c r e e p i n g  p a r a l y s i s  o c c u r e d ,  s i m i l a r  
i n  t y p e  t o  L a n d r y ' s  a n d  t e r m i n a t i n g  i n  d e a t h .
H o w e v e r  i t  i s  u n f o r t u n a t e , t h a t  i n  t h i s  e x p e r i m e n t  t o o ,  
a n  o p e n i n g  f o r  e r r o r  t o  o c c u r  w a s  a l l o w e d ,  f o r  t h e  
a n i m a l  w a s  r e c e i v i n g  a t  t h e  t i m e  a " B e r i - b e r i  d i e t ”
T h i s  w i l l  b e  r e f e r e d  t o  a g a i n  l a t e r  o n .
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( a ) .  H e r z o g , a s  a r e s u i t  o f  s e e i n g  t h e  w o r k  o f  O k a t a  
a n d  K o k u h o  o n  t h e i r  s p e c i f i c  o r g a n i s m ,  c a r r i e d  o u t  a t  
M a n i l l a  a  n u m b e r  o f  c a r e f u l  e x p e r i m e n t s  o n  a  v a r i e t y  
o f  m e d i a .  H e  i s o l a t e d  t h e  " K a k k e c o c c u s "  f r o m  t h e  
u r i n e ,  a n d  i n o c u l a t e d  1 2  m o n k e y s  ( M a c a c u s  c y n o m o l g u s )  
w i t h  a b s o l u t e l y  n o  r e s u l t s ,  t h e  a n i m a l s  r e m a i n i n g  
s t r o n g  a n d  w e l l .  S i m i l a r l y  e x p e r i m e n t s  w i t h  g u i n e a - p i p i s  
w e r e  n e g a t i v e ;  a  n u m b e r  o f  r a t s  t r e a t e d  i n  t h e  s a m e  
w a y  h o w e v e r  d i d  d i e ,  b u t  w i t h  n o n e  o f  t h e  c h a r a c t e r i s t  
s y m p t o m s  o f  B e r i - h e r i .
S t i l l  h e  c a m e  t o  t h e  c o n c l u s i o n , ” t h a t  t h e  d i s *  
- e a s e  i s  i n f e c t i o u s  a n d  n o t  d u e  t o  n u i t r i t i o n a l  
d i s t u r b a n c e ,  a n d  t h a t  w h a t e v e r  t h e  m o d e  o f  a x i s  t o  t h e
h o d y  m i g h t  b e ,  i t  t h e r e  p r o d u c e d  a  t o x i n ,  w h i c h  c a u s e d
■-
t h e  c h a r a c t e r i s t i c  l e s i o n s .  ( ’Mrwx. l
( b ) .  A n o t h e r  o b s e r v e r ,  T s u z u k i . h a s  a l s o  f o u n d  a  
d i p l o c o c c u s  i n  t h e  u r i n e ,  a n d  n a m e d  i t  t h e " M i c r o c o c c u £  
B e r i b e r i c u s " .
I t  e x h i b i t s  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s : --------
O n  A g a r  s m a l l  a l m o s t  t r a n s p a r e n t  c o l o n i e s  i n  a  w e e k ,  
c l o t s  m i l k  a n d  f e r m e n t s  s u g a r .  I s  n o n - m o  t i l e  a n d  s t a i r ,  
w i t h  G r a m . .
H e  i s o l a t e d  t h e  o r g a n i s m  f r o m  t h e  u r i n e  i n
i
o f  c a s e s  a n d  a l s o  f f t u n d .  i t  p r e s e n t  i n  t h e  f o e c e s . ' B y  
m e a n s  o f  i n o c u l a t i o n  o f  a n i m a l s ,  h e  p r o d u c e d  s y m p t o m s  
a n a l a g o u s  t o  t h e  d i s e a s e  i n  m a n ,  a n d  p r o v e d  m i c r o ™  
- s c o p i c a l l y  a f t e r  d e a t h  c e r t a i n  d e g e n e r a t i v e  c h a n g e s  
i n  t h e  n e r v e s .
cl CC4. e. -a
T o  a  c e r t a i n  e x t e n t  t h i s  t h e o r y  i s  u p h e l d ,  
f r o m  a  t h e r a p e u t i c  p o i n t  o f  v i e w ,  i n  a  p a p e r  p u b l i s h e d  
b y  M i l l e r  a n d  T u r n e r  i n  t h e  T r a n s v a a l  M e d i c a l  J o u r n a l ,  
i n  w h i c h  t h e y  p o i n t e d  o u t ,  t h a t  t h e i r  c a s e s  o f  B e r i b e i j i  
i m p r o v e d  m a r k e d l y  u n d e r  t h e  a d m i n i s t r a t i o n  o f  U r o t r o p i n e  
i n  5  g r a i n  d o s e s  w e l l  d i l u t e d  i n  w a t e r  t h r e e  t i m e s  a. d a y .
I  h a v e  r e f e r e d  a l r e a d y  t o  my e x a m i n a t i o n  o f  
t h e  u r i n e ,  w h i c h  a l m o s t  i n v a r i a b l y  p r o v e d  t o  b e  s t e r i l ) e  
e v e n  a f t e r  i n c u b a t i o n  f o r  t w o  w e e k s ,  a n d  I  o u g h t  t o  
m e n t i o n ,  t h a t  n e u r i t i s  o f  a  d e g e n e r a t i v e  t y p e  m a y  
c o n s t a n t l y  h e  s e t  u p  i n  t h e s e  e x p e r i m e n t a l  i n o c u l a t i o n  
b y  t h e  p r e s e n c e  o f  m o r e  o r  l e s s  l o n g - s t a n d i n g  s e p t i c  
p r o c e s s e s .
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B a c t e r i a  f o u n d  i n  t h e  A l i m e n t a r y  T r a c t .
( a ) .  H a m i l t o n ' W r i g h t ’ s  B a c i l l u s .
T h i s  a u t h o r , - f r o m  w o r k  d o n e  i n  t h e  F e d e r a t e d  
M a l a y  S t a t e s  p u b l i s h e d  h i s  r e s u l t s  t o  s h e w ,  t h a t  t h e  
s p e c i f i c  o r g a n i s m  o f  B e r i - b e r i  g a i n e d  e n t r a n c e  b y  t h e  
m o u t h  a n d  d e v e l o p e d  c h i e f l y  r o u n d  t h e  p y l o r i c  e n d  o f  
t h e  s t o m a c h  a n d  t h e  d u o d e n u m ,  c a u s i n g  a  G a s t r o -  
- D u o d e n i t i s ,  f r o m  w h i c h  a  t o x i n  w a s  a b s o r b e d ,  w h i c h  
c a u s e d  t h e  c h a r a c t a r i s t i c  n e r v e  l e s i o n s .  H e  a l s o  
m a i n t a i n e d ,  t h a t  i t  w a s  p a s s e d  i n  t h e  f o e c e s ,  l o d g e d  
i n  t h e  s u r r o u n d i n g  d u s t  a n d  u n d e r  c o n g e n i a l  c o n d i t i o n ;  
s u s t a i n e d  i t s  v i t a l i t y ,  t i l l  i t  o n c e  m o r e  g a i n e d  
a c c e s s  t o  t h e  b o d y  i n  t h e  f o o d .  H e  tí a s  u n a b l e  a t
a n y  t i m e  t o  o b t a i n  t h e  o r g a n i s m  f r o m  t h e  b l o o d ,  b u t  
i n  a  l i m i t e d  n u m b e r  o f  c a s e s  h e  f d u n d  i t  i n  t h e  t i s s u e s .
Y / r i g h t  d e s c r i b e d  t h e  o r g a n i s m ,  a s  a  s q u a r e - e n d s f e d  
b a c i l l u s .  He  a l s o  s o u g h t  t o  s u b s t a n t i a t e  h i s  t h e o r y  
b y  p o i n t i n g  o u t , , , t h a t  B e r i b e r i c s  i n v a r i a b l y  a t  t h e  
° n s e t  o f  t h e  d i s e a s e  c o m p l a i n  o f  E p i g a s t r i c  p a i n  a n d  
o t h e r  a b d o m i n a l  s y m p t o m s ;  w h i l e  P o s t - m o r t e m  E x a m i n a t i o n  
° f  c a s e s ,  t h a t  d i e  r a p i d l y ,  a l w a y s  s h o w  i n j e c t i o n  a n d  
p u n c t i f o r m  h o e m o r r h a g e s  r o u n d  t h e  p y l o r u s  a n d  d u o d e n u m  
H e  a l s o  f e d  m o n k e y s  o n  f r u i t ,  w h i c h  h a d  b e e n  
^ b b e d  o n  t h e  f l o o r s  o f  d i r t y  c e l l s ,  i n  w h i c h  B e r i b e r i  
p a t i e n t s  h a d  l i v e d ,  a n d  b y  t h i s  m e a n s  d i d  s u c c e e d  i n  
c a u s i n g  a  p o l y n e u r i t i s  i n  a  c e r t a i n  n u m b e r .
I n  1 9 0 6  t h e  s a m e  o b s e r v e r  p u b l i s h e d  n o t e s  o n  
a  c a s e  o f  A c u t e  C a r d i a c  B e r i b e r i ,  t h a t  d i e d  a t  t h e  
S e a m a n ' s  H o s p i t a l  i n  L o n d o n , i n  w h i c h  h e  f o u n d  a  s i m i l a ^ *  
n e c r o s i s  o f  t h e  g a s t r o - d u o d e n a l  m u c o s a ,  a n d  f r o . ,  t h e  
s l o u g h s  o f  w h i c h  h e  o b t a i n e d  t h e  s a m e  o r g a n i s m .
T h i s  b a c i l l u s  i s  d e s c r i b e d  a s  b e i n g  G r a m -  
- p o s i t i v e  a n d  s t a i n i n g  w i t h  o r d i n a r y  b a s i c  s t a i n s .  
I n o c u l a t e d  m e d i a  s h o w e d  a  g r o w t h  i n  2 4  h o u r s ,  t h e  
o r g a n i s m  g r o w i n g  b e s t  o n  g l u c o s e  a g a r  s t a b s .
L a s t l y  i n j e c t i o n  o f  a  g u i n e a - p i g  s u b c u t a n e o u s l y  w i t h  a  
" b r o t h  e m u l s i o n  p r o d u c e d  p o s i t i v e  r e s u l t s .  P a r e s i s  o f  
t h e  h i n d  l i m b s  o c c u r e d ,  e n d i n g  i n  d e a t h ,  b u t  o n  m i c r o -  
- s c o p i c a l  e x a m i n a t i o n  o n l y  a  f e w  d e g e n e r a t e d  f i b r e s  i n  
t h e  n e r v e  t w i g s  t o  t h e  f l e x o r s  o f  t h e  h i n d  l i m b s  w e r e  
d i s c o v e r e d .
A f t e r  s t u d y i n g  t h e  w o r k  d o n e  b y  W r i g h t  o n e  i s  
s t r u c k  f i r s t  o f  a l l  b y  t h e  f a c t ,  t h a t  t h e  p o s i t i v e  c a s e  
w e r e  a l l  t h o s e  o f  t h e  A c u t e  C a r d i a c  T y p e .  I  t h i n k ,  
t h a t  s o m e  s u c h  o r g a n i s m  a s  h e  i s o l a t e d  m a y  q u i t e  e a s i l j
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h e  t h e  c a u s a l  a g e n t  o f  t h i s  t y p o ,  f o r  I  h a v e  c o m e  t o  
b e l i e v e , t h a t  t h i s  c o m p l a i n t  i s  n o t  m e r e l y  o n e  o f  t h e  
f o r m s  o f  B e r i b e r i ,  b u t  i s  p e r  s e  a n  e n t i r e l y  s e p a r a t e  
d i s e a s e .  I f  o n e  h a s  t o  c o n s i d e r  t h i s  b a c i l l u s  a s  t h e  
c a u s e  o f  a l l  t h e  f o r m s  o f  t h e  d i s e a s e  n o w  k n o w n  a s  
B e r i - b e r i ,  I  h a v e  n o  h e s i t a t i o n  i n  d e n y i n g ,  t h a t  i t  
c a n  b e ,  a n d  w o u l d  o f f e r  t h e  f o l l o w i n g -  c r i t i c i s m s  o n  
t h e s e  d e d u c t i o n s .
( l ) .  I t  i s  q u i t e  c o n t a r y  t o  my  e x p e r i e n c e  t o  f i n d ,  t h a t  
a l l  B e r i b e r i c s  c o m p l a i n  o f  a b d o m i n a l  s y m p t o m s ,  i t  
i s  a l m o s t  m o r e  t h e  e x c e p t i o n  t h a n  t h e  r u l e .  M a n y  
w e l l  m a r k e d  c a s e s  n e v e r  h a v e  a n y  v o m i t i n g ,  n a u s e a ,  
d y s p e p s i a  o r  e p i g a s t r i c  p a i n ,  
i f ) .  I f  t h i s  b a c i l l u s  g a i n s  a c c e s s  t o  t h e  b o d y  b y  d i r t  
i n f e c t i o n ,  w h y  i s  i t  t h a t  t h e  T a m i l  c o o l i e s  s o  
n o t o r i o u s l y  f i l t h y  i n  t h e i r  h a b i t s  e s c a p e ,  w h i l e  
t h e  C h i n e s e ,  w h o  w a s h  d a i l y ,  a r e  a f f e c t e d  i n  s u c h -  
l a r g e  n u m b e r s  ?
( 3 ) .  I f  t h i s  b a c i l l u s  i s  f o u n d  i n  t h e  s t o m a c h  a n d  u p p ^ r
d u o d e n u m ,  i t  m u s t  r e q u i r e  a n  a c i d  m e d i a  f o r  i t s
g r o w t h  a n d  t h e  d e v e l o p e m e n t  o f  i t s  t o x i n ;  h o w  
t h e n  c a n  i t  b e  i s o l a t e d  f r o m  t h e  f o e c e s ,  a f t e r  
b e i n g  s o  l o n g  i n  c o n t a c t  w i t h  a l k a l i n e  s u r r o u n d  
- i n g s  ?
( 4 ) .  T h e  p o l y n e u r i t i s  f o u n d  i n  t h e  i n f e c t e d  m o n k e y s
d i f f e r e d ,  a c c o r d i n g  t o  W r i g h t  h i m s e l f , f r o m  t h a t  
f o u n d  i n  m a n ,  a n d  a s  D u r h a m  p o i n t e d ,  o u t  w a s  
p r o b a b l y  d u e  t o  s e p t i c  a b s o r p t i o n *  F o r  a l l  t h e  
a n i m a l s  w e r e  i n  a  m o s t  u n h e a l t h y  c o n d i t i o n  a n d  
s e v e r a l  i n  a  s i m i l a r  s t a t e ,  t h a t  h a d  n e v e r  r e ­




p r e c i s e l y  t h e  s a m e  d e g e n e r a t i v e  c h a n g e s .
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( " b ) .  D u r h a m ’ s  T h r o a t  O r g a n i s m , .
T h i s  i n v e s t i g a t o r  a d v a n c e r  t h e  v i e w ,  t h a t t h e  
t o n s i l s  w e r e  t h e  p r o b a b l e  m o d e  o f  e n t r a n c e  o f  t h e  
s p e c i f i c  v i m s ,  f o r  h e  n o t e d ,  t h a t  i n  n e a r l y  a l l  e a r l y  
c a s e s ,  t h e r e  w a s  r e d n e s s  o f  t h e  f a u c e s  u n a s s o c i a t e d  
w i t h  a n y  t e n d e r n e s s  o r  e n l a r g e m e n t  o f  t h e  g l a n d s .
S m e a r s  o n  A g a r  f r o m  t h e  t h r o a t s  o f  s u c h  p a t i e n t s  p r o -  
- d u c e d  a f t e r  4 8  h o u r s  a  l a r g e  n u m b e r  o f  p e c u l i a r  
l o o p e d  c o l o n i e s ,  a l m o s t  t o  t h e  e x c l u s i o n  o f  a n y  o t h e r  
g r o w t h .  T h e  o r g a n i s m  w a s  s o m e w h a t  s t r e p t o c o c c a l  i n
j
a p p e a r a n c e ,  w a s  n o n - m o t i l e ,  h a d  a  c a p s u l e  a n d  s t a i n e d  
b y  G r a m ' s  m e t h o d .
H i s  a t t e m p t s  t o  o b t a i n  s u b - c u l t u r e s  w e r e  
f a i l u r e s ,  a n d  h e  w a s  u n a b l e  t o  f i n d  t h e  o r g a n i s m  i n  
t h e  d u s t  o f  p r i s o n  c e l l s  o r  f r o m  t h e  d e a d  b o d i e s  o f  
t ^ o s e ,  w h o  h a d  f a l l e n  v i c t i m s  t o  t h e  d i s e a s e . '  H e  c a m e  
t o  t h e  c o n c l u s i o n  f i n a l l y ,  t h a t  B e r i - b e r i  w a s  c o m m u n i b -  
“ " t e d  d i r e c t l y ,  a s  a n  a c t u a l  p o i s o n ,  f r o m  p a t i e n t  t o  
p a t i e n t .
H e  a t t e m p t e d  t o  p r o d u c e  t h e  d i s e a s e  i n  
m o n k e y s  ( m a c a c e u s  n e m e s t r i n u s )  b y  i r r i t a t i n g  t h e  
t h r o a t ,  a n d  s m e a r i n g  o v e r  i t  t h e  m u c o u s ,  t a k e n  f r o m  
t h e  t h r o a t s  o f  B e r i - b e r i  p a t i e n t s ,  a n d  a l s o  w i t h  p r i s o n  
d u s t .  H e  a l s o  i n t r o d u c e d  i n t o  t h e i r  f o o d  t h e  s c r a p i n g s  
o f  t h e  a l i m e n t a r y  t r a c t ,  t a k e n  f r o m  a n  a c u t e  c a s e  o f  
B e r i - b e r i  i m m e d i a t e l y  a f t e r  d e a t h .
A l l  t h e s e  p r o v e d  a b s o l u t e l y  n e g a t i v e .
I  m a d e  i t  a  r o u t i n e  p r a c t i s e  t o  e x a m i n e  t h e  
t h r o a t s  o f  a l l  c a s e s  c o m i n g  u n d e r  my c a r e ,  a n d  d i d  n o t  
f i n d  r e d n e s s  o f  t h e  f a u c e s  t o  h e  i n  a n y  s e n s e  u n i v e r s a l  
a n d  o f t e n  s o  s l i g h t ,  t h a t  i t  m i g h t  w e l l  h a v e  b e e n  a c -  
- c o u n t e d  f o r  b y  s o m e  s l i g h t  e x c e s s  i n  s m o k i n g .  A l s o  
t h e  r e d n e s s  w a s  p r e s e n t  t o  q u i t e  a n  e q u a l  d e g r e e  i n  
t h o s e ,  w h o  h a d  n o t  a n d  n e v e r  h a d  h a d  t h e  d i s e a s e .  T h e  
f a i l u r e  t o o  o f  a l l  e x p e r i m e n t a l  i n o c u l a t i o n s  d e t r a c t s  
v e r y  l a r g e l y  f r o m  t h e  p l a u s i b i l i t y  o f  t h i s  t h e o r y .
D a n i e l s ,  I  m a y  m e n t i o n  h e r e ,  f r o m  w o r k  d o n e  
a t  K u a l a  L u m p u r ,  c o n s i d e r e d  t h e  d i s e a s e  t o  b e  a n  i n f e c t -  
- - i o u s  o n e .  H e  m a i n t a i n e d ,  t h a t  t h e r e -  w a s  n o  d e f i n i t e  
p r o o f ,  t h a t  a n  i n t e r m e d i a t e  h o s t  w a s  r e q u i r e d ,  b u t  
c o n s i d e r e d  t h e  d i s e a s e  w a s  n o t  c a r r i e d  b y  e a r t h ,  a i r ,  
w a t e r  o r  f o o d .  H e  s t a t e d ,  t h a t  t h e  l a s t  m i g h t  h a v e  s o m e  
e f f e c t  o n  t h e  s u s c e p t a b i l i t y  o f  a  p a t i e n t ,  b u t  w a s  n o t  
t h e  c a u s a t i v e  a g e n t .  I f  a n  i n t e r m a d i a t e  h o s t  w a s  r e -  
- q u i r e d ,  D a n i e l s  s u g g e s t e d ,  t h a t  i t  w a s  e i t h e r  a  C i m e x  
o r  a  P e d i c i i l u s  a n d  m o s t  p r o b a b l y  t h e  l a t t e r .
S u c h  t h e n  a r e  t h e  m o r e  i m p o r t a n t  o f  t h e  m a n y  
o r g a n i s m s ,  t h a t  h a v e  f r o m  t i m e  t o  t i m e  b e e n  b r o u g h t  
f o r w a r d ,  a s  t h e  s p e c i f i c  c a u s e  o f  B e r i - b e r i .  B e f o r e  
d i s c u s s i n g  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  t o x i - i n f e c t -  
- i o u s  t h e o r y ,  i t  m a y  b e  a s  w e l l  t o  p r o p o u n d  t h e  v i e w s  
o f  t h o s e ,  w h o  h o l d  b y  t h e  a l i m e n t a r y  t h e o r y ,  s o  t h a t  a 
c o m p a r a t i v e  s t u d y  o f  t h e i r  r e s p e c t i v e  c l a i m s  m a y  b e  
b e t t e r  c o n s i d e r e d .
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5 .  A  L  I  M E N T A  R Y   T H E O R I E S .
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A .  D e f i c i e n c y  o f  F a t .
T h i s  v i e w  h a s  n o w ,  I  t h i n k ,  b e e n  a b a n d o n e d  
oy e v e r y o n e .  I t  w a s  f i r s t  i n t r o d u c e d  b y  L a u r e n t .  b e c a u  
b e f o u n d  t h a t  t w o  e p i d e m i c s  o f  B e r i - b e r i ,  o n e  a t  C h a n t -  
- a b o i m  i n  S i a m  and.  t h e  o t h e r  a t  P o u l o  C o n d o r ,  c e a s e d  
a l m o s t  i m m e d i a t e l y  o n  i n c r e a s i n g  t h e  a m o u n t  o f  P a t  i n  
t h e  d a i l y  d i e t a r y »  E x p e r i m e n t s  t o  s u b s t a n t i a t e  t h i s  
h a v e  s i n c e  b e e n  t r i e d  b y  m a n y  o b s e r v e J a p f a n  a n d  
M a l a y a , a n d  h a v e  i n v a r i a b l y  s h o w n  t h a t  t h e r e  i s  n o t h i n g  
i n  t h i s  t h e o r y  a t  a l l ,  a n d  c e r t a i n l y  i t  w o u l d  f a i l  t o  
h o l d  g o o d  f o r  t h o s e  c a s e s  w h i c h  c a m e  u n d e r  o n e s  i m m e d -  
- i a t e  c a r e  a t  C h r i s t m a s  I s l a n d ;  a  g l a n c e  a t  t h e  D i e t e t i p  
T a b l e s  b e i n g  s u f f i c i e n t  t o  s h o w ,  t h a t  t h e r e  w a s  a l w a y  
a b u n d a n c e  o f  P a t .
B ,  N i t r o g e n o u s  S t a r v a t i o n .
T a k a k i  i n t r o d u c e d  t h i s  h y p o t h e s i s ,  o n  
t h e  s t r e n g t h  o f  t h e  e n o r m o u s  a n d  e x t r a o r d i n a r y  r e d u c t  
- i o n  o f  c a s e s  o f  B e r i - b e r i  i n  t h e  J a p a n e s e  A r m y  a n d  
N a v y  a f t e r  t h e  a l t e r a t i o n  o f  t h e  f i x e d  d i e t  b y  t h e  
i n t r o d u c t i o n  o f  a  h i g h e r  p e r c e n t a g e  o f  N i t r o g e n o u s  
s u b s t a n c e s .  B u t  u n f o r t u n a t e l y  f o r  t h i s  t h e o r y  t h e  
d i m i n u t i o n  i n  t h e  n u m b e r  o f  c a s e s  w a s  u n i v e r s a l ,  w h i l e  
t h e  a l t e r a t i o n  i n  t h e  d i e t  w a s  p u r p o s e l y  l o c a l ;  f u r t h e r  
s i m i l a r  d i e t e t i c  a l t e r a t i o n s  w e r e  m a d e  i n  t h e  S i n g a p o r e  
G a o l s ,  a n d  w e r e  n o t  f o l l o w e d  b y  a n y  s u c h  e x c e l l e n t  
r e s u l t s  a t  a l l .  L i k e w i s e  a t  K u a l a  L u m p u r  W r i g h t
i n c r e a s e d  t h e  r a t i o  o f  N i t r o g e n  t o  C a r b o n  i n  t h e  f o o d  
f r o m  t h e  n o r m a l  1  i n  1 5  u p  t o  1  i n  1 2 ,  a n d  c o n t i n u e d  
t h i s -  f o r  8  m o n t h s .  C a s e s  o f  B e r i - b e r i  o c c u r e d  j u s t  a s  
f r q u e n t l y  d u r i n g  t h e  l a t e r  m o n t h s  a s  b e f o r e  t h e  a l t o r -  
- a t i o n .
A g a i n  h e r e , a s  i n  t h e  c a s e  o f  t h e  l a s t  t h e o r y ,  
a  g l a n c e  a t  t h e  a p p e n d e d  D i e t e t i c  T a b l e s  ( o )  w i l l  s h o w  
t h a t  a s  f a r  a s  t h e  c o o l i e s  o n  C h r i s t m a s  I s l a n d  w e r e  
c o n c e r n e d ,  s u c h  a  t h e o r y  f a i l s  a l t o g e t h e r  t o  m e e t  t h e  
c a s e  i n  p o i n t .  I t  i s  i n t e r e s t i n g  t o  n o t e ,  t h a t  i n  
t h i s  p l a c e  w e  w e r e  o c c a s i o n a l l y ,  w h e n  c o m m u n i c a t i o n  
f a i l e d ,  c u t  o f f  f r o m  S i n g a p o r e  a n d  t h e  f o o d  s u p p l i e s  
s u f f e r e d  a c c o r d i n g l y ,  b u t  a t  s u c h  t i m e s  B e r i - b e r i  
a c t u a l l y  s h o w e d  a  d i m i n u t i o n  i n  t h e  n u m b e r  o f  c a s e s  
a n d  n o t  a n  i n c r e a s e .
C .  F i s h  T h e o r i e s .
V a r i o u s  w o r k e r s  h a v e  c l a i m e d ,  t h a t  i n  F i s h
w a s  t o  b e  f o u n d  t h e  t r u e  c a u s e  o f  B e r i - b e r i : ----------
G U L P K E  t h o u g h t ,  t h a t  c e r t a i n  f o r m s  o f  d r i e d  f i s h  s o  m u c h  
e a t e n  b y  t h e  C h i n e s e ,  M a l a y s  e t c  w a s  i n f e c t e d  
b y  a  T r i c h i n a .
C R I MM t h a t  i t  w a s  d u e  t o  s o m e  s o r t  o f  i n f e c t e d  f i s h  
j u s t  d r i e d  i n  t h e  s u n  u n t i l  a b o u t  t o  p u t r e f y .
M I U R A  c o n s i d e r e d  t h a t  i t  w a s  t h e  r e s u l t  o f  e a t i n g  c e r -  
- t a i n  k i n d s  o f  r a w  f i s h ,  b l a m i n g  c h i e f l y , t h a t  
f a m i l y  k n o w n  a s  t h e  S c o m b r e s ,  o f  w h i c h  t h e  M a c k e r e l  
i s  a  c o m m o n  t y p e .
V O D E R M A N ,  o n  t h e  o t h e r  h a n d ,  n o t e d  a  b r i c k - r e d  s o r t  o f
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p e l l i c l e  o r  c e r t a i n  f i s h ,  w h i c h  w e r e  b e i n r  l a r g e l y  c o n -  
- s u m e d  b y  c o o l i e s  a m o n g s t  w h o m  B e r i - b e r i  w a s  r a m p a n t .  
T h i s  p e l l i c l e  s e e m e d  t o  b e  o f  t h e  n a t u r e  o f  a  p a r a s i t e ;  
D u r h a m  e x a m i n e d  i t ,  a n d  f o u n d  i t  t o  b o  a  s a r c i n a e  o f  
b r i c k - r e d  c o l o u r  w i t h  q u i t e  n o n - p a t h o g e n i c  p r o p e r t i e s , ,  
B u t ,  I  t h i n k ,  t h a t  t h e  q u e s t i o n  o f  F i s h  h a s  n o w  
b e e n  d e f i n i t e l y  s e t t l e d .  A s  a n  a r t i c t e  o f  d i e t  i t  h a s  
b e e n  e l i m i n a t e d  f o r  m o n t h s  f r o m  t h e  d i e t a r y  o f  c e r t a i n  
i n s t i t u t i o n s ,  a n d  y e t  c a s e s  o f  B e r i - b e r i  h a v e  c o n t i n u e d  
t o  o c c u r ,  u n a b a t e d  i n  t h e  l e a s t  d e g r e e .  S u c h  a  t r i a l  
w a s  c a r r i e d  o u t  b y  W r i g h t  a t  K u a l a  L u m p u r ,  a n d  h a s  
s i n c e  b e e n  c o n f i r m e d  b y  m a n y  o t h e r s .
I  h a v e  s e e n  c o o l i e s  d e v e l o p e  A c u t e  B e r i - b e r i ,  w h o  
t o  my c e r t a i n  k n o w l e d g e  d i s l i k e d  f i s h ,  b o t h  f r e s h  a n d  
d r i e d  a n d  n e v e r  a t e  i t .
I t  i s  i n t e r e s t i n g  t o  n o t e  t o o  a s  a  m i n o r  p o i n t  
t h a t  t h i s  d i s e a s e  i s  r a r e  a m o n g s t  f i s h e r m e n .
I n  1 8 8 0 - 1 8 8 1  L e  D a n t e c  s a w  a n  e p i d e m i c  o f  t h i s  
d i s e a s e  c e a s e  a l t o g e t h e r  a t  P o u l o  C o n d o r  b y  t h e  a d d i t -  
- i o n  t o  t h e  d a i l y  f o o d  suppifcy  o f  a  s m a l l  q u a n t i t y  o f  
f r e s h  f i s h .
Etiological Theories-----
D .  R I C E  T H E O R I E S  .
( l ) .  I  t h i n k  o n e  o f  t h e  e a r l i e s t  o b s e r v e r s  t o
a d v a n c e  t h e  t h e o r y ,  t h a t  R i c e  w a s  t h e  f o n s  e t  o r i g o  
m a l i  w a s  l l p s e  o f  B o r n e o ,  w h o  h a d  h i m s e l f  s u f f e r e d  f r o m  
t h e  d i s e a s e .  H e  h e l d  t h a t  B e r i - b e r i  w a s  d u e  t o  t h e  
i n g e s t i o n  o f  m o u l d y  r i c e .  He  n o t i c e d  t h a t  t h e  w o m e n ,  
w h o  l i v e d  i n  t h e  v i l l a g e s  a n d  a t e  f r e s h l y  h u s k e d  r i c e  
e s c a p e d ,  w h i l e  t h e  m e n ,  w h o  w e n t  o f t e n  o n  l o n g  e x p e d -  
- i t i o n s  i n t o  t h e  i n t e r i o r  i n  s e a r c h  o f  r u b b e r ,  a n d  w h o  
i n  c o n s e q u e n c e  a t e  r i c e  w h i c h  w a s  o f t e n  v e r y  s t a l e  a n d  
m o u l d y  f r e q u e n t l y  f e l l  v i c t i m s  o f  t h e  d i s e a s e .
H o s e  m a d e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h i s  m o u l d y  r i c e ,  
a n d  d i s c o v e r e d  a  m i n u t e  f u n g o i d  g r o w t h ,  w h i c h  h e  
t h o u g h t  w a s  t h e  p r o b a b l e  c a u s a l  a g e n t .  T o  p r o v e  t h i s  
h o  c a r r i e d  o u t  c e r t a i n  e x p e r i m e n t s  w i t h  m o n k e y s  
( M a c a c e u s  n e m e s t r i n u s )  a n d  f o w l s ,  f e e d i n g  t h e m  o n  
b a z a a r  r i c e .  H e  p r o d u c e d  i n t h e m  c e r t a i n  s y m p t o m s
I
o f  d e b i l i t y  a n d  w e a k n e s s .
T h o s e  e x p e r i m e n t s  w e r e  s u b s t a n t i a t e d  l a t e r  a t  T o k i o .
W h i l e  t h i s  t h e o r y  i s  o f  g r e a t  i n t e r e s t  i n  t h e  
l i g h t  o f  s u b s e q u e n t  r e s e a r c h ,  i t  c a n n o t  b e  s a i d  t o  b e  
a l t o g e t h e r  s a t i s f a c t o r y .  B e r i - b e r i  c o n s t a n t l y  d e v -  
- e l o p e s  i n  c o m m u n i t i e s  w h e r e  t h e  q u a l i t y  o f  t h e  r i c e  
i s  a b o v e  r e p r o a c h ,  a l s o  i n  g a o l s  a n d  e l s e w h e r e  t h e  
m e t h o d  o f  c o o k i n g  e m p l o y e d  w o u l d  b e  q u i t e  s u f f i c i e n t  
t o  d e s t r o y  a n y  a c t i v i t y  o f  a  m o u l d  o n  t h e  r i c e :  i n  
a  l i k e  m a n n e r  n a t i v e s  d o  n o t  e a t  u n c o o k e d  r i o e .
F u r t h e r  h i s  e x p e r i m e n t s  o n  m o n k e y s  w e r e  q u i t e  
i n c o n c l u s i v e ,  b e c a u s e  t h e  p r i n c i p l e  s y m p t o m s  o f
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p e r i p h e r a l  n e u r i t i s  w e r e  a b s e n t ,  n o n e  d i s p l a y e d  a n y  e c u  
o e d e m a  a n d  o n l y  t w o  s h e w e d  " l a c k  o f  e n e r g y " .  I n  t h e  
c a s e  o f  t h e  f o w l s  t h e  r e s u l t s  w e r e  m o r e  c o n c l u s i v e ,  
bx.it a n a l a g o u s  c o n d i t i o n s  t o  B e r i - b e r i  c a n  a p p a r e n t l y
;
p r o d u c e d  i n  f o w l s  i n  a  n u m b e r  o f  w a y s ,  I  h a v e  
a l r e a d y  r e f e r e d  t o  T r e n t l e i n ' s  e x p e r i m e n t s  w i t h  o x a l i c  
a c i d  a n d  w i l l  h a v e  m o r e  t o  s a y  o n  t h i s  s u b j e c t  l a t e r  
o n .
( 2  ) .  B r a d d o r f s  S p e c i f i c  P u n iru s  a f f e c t i n g -  1 u n c u r e d '
R i c e .
B r a d d o n ,  i n d e p e n d a n t  o f  t h e  w o r k  d o n e  b y  H o s e ,  
h a s  f o r  l o n e  h e l d ,  t h a t  R i c e  i s  t h e  c h i e f  f a c t o r  i n  t h e  
p r o d u c t i o n  o f  B e r i - b c r i  a n d  h a s  m o s t  c l e a r l y  a n d  c o n -  
- v i r . c i n g l y  s t a t e d  t h e  r e a s o n s  f o r  h i s  v i e w s  i n  h i s  
" b o o k  "  T h e  C a u s e  a n d  P r e v e n t i o n  o f  B e r i - b e r i  
I n  t h i s  h e  c i t e s  a  l a r g e  n u m b e r  o f  f a c t s  i n  s u p p o r t  
o f  h i s  c o n t e n t i o n .
S t a t i n g  i t  b r i e f l y  B r a d d o n  w a s  f i r s t  s t r u c k  
b y  t h e  e x t r a o r d i n a r y  " p r e v a l e n c e  o f  B e r i - b e r i  a m o n g s t  
t h e  C h i n e s e  c o o l i e s  i n  t h e  e s t a t e s  a n d  m i n e s  o f  
M a l a y a ,  w h i l e  t h e  M a l a y ,  T a m i l  a n d  K l i n g  c o o l i e s  
w o r k i n g  i n  t h e  s a m e  p l a c e s  t o  a  v e r y  l a r g e  e x t e n t  e s -  
- c a p c - d .  T h e n  h e  n o t e d ,  t h a t  w h i l e  a l l  c o n s u m e d  r i c e  a  
t h e i r  p r i n c i p l e  a r t i c l e  o f  d i e t ,  t h e  k i n d  o f  r i c e  
e a t e n  d i f f e r e d .  T h e  C h i n e s e  a t e  a  r i c e  t o  w h i c h  h e  
g a v e  t h e  n a m e  o f  " u n c u r e d "  w h i l e  t h e  T a m i l s ,  M a l a y s  
e t c  u s e d ,  w h a t  h e  t e r m e d  " c u r e d "  r i c e .
T h a t  t h i s  i m m u n i t y  w a s  n o t  d u e  t o  a n y  r a c i a l
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i n s u s c e p t i b i l i t y  w a s  a t  o n c e  p r o v e d  b y  t h e  f a c t ,  t h a t
b o t h  M a l a y s  a n d  T a m i l s ,  w h e n  g i v e n  " u n c u r e d "  r i c e  i n
g a o l ,  d e v e l o p e  t h e  d i s e a s e  a s  r e a d i l y  a s  t h e  C h i n e s e .
T h e  c o n c l u s i o n  t h e r e f o r e  w a s  t h a t  B e r i - b e r i
c o u l d  b e  s h o r n  t o  b e  d u e  t o  t h e  f o r m  o f  r i c e  e a t e n ;
t h e  p r o b a b i l i t y  b e i n g  t h a t  a  t o x i n  w a s  d e v e l o p e d  i n  i
b y  a  g e r m  a t t a c k i n g  t h e  g r a i n ;  t h e  p r o c e s s  o f  p r e p a r i n g
t K a  t
t h e  " c u r e d "  r i c e  d e s t r o y e d  t h e  g e r m ,  b u t  t h e  t o x i n°  ’  A
d e v e l o p e d  i n  t h e  " u n c u r e d "  r i c o  w a s  n o t  d e s t r o y e d  b y  
t h e  p r o c e s s  o f  c o o k i n g .
V a r i e t i e s  o f  R i c e .
B e f o r e  g o i n g  f u r t h e r  i n  t h e  c o n s i d e r a t i o n  o f  t h i  
m a t t e r  l e t  me d e s c r i b e ,  w h a t  i s  m e a n t  b y  t h e  d i f f e r e n t  
t e r m s  a p p l i e d  t o  r i c e ;  a  c o n s i d e r a b l e  a m o u n t  o f  c o n -  
- f u s i o n  h a s  a r i s e n  i n  c o n s e q u e n c e  o f  t h e  v a r i e d  n o m e n  
- c l a t u r e .  T h e  a c t u a l  n a m e d  v a r i e t i e s  o f  r i c e  a r e  o f  
c o u r s e  v e r y  n u m e r o u s ,  a n d  a r e  o n l y  o f  i n t e r e s t  t o  t h e  
e x p e r t ,  b u t  t h e r e  i s  a n o t h e r  c l a s s i f i c a t i o n  q u i t e  
i n d e p e n d a n t  o f  t h i s  B o t a n i c a l  o n e ,  w h i c h  r e f e r s  t o  
t h e  o r o c e s s  o f  p r e p a r a t i o n  t h r o u g h  w h i c h  t h e  r i c e  
p a s s e s  s u b s e q u e n t  t o  h a r v e s t i n g  a n d  p r i o r  t o  b e i n g  
c o o k e d .
R i c e  i s  a  s i n g l e  s e e d e d  g r a i n  c o n s i s t i n g  o f  a n  
o v u l e  c o v e r e d  b y  a  l a y e r  k n o w n  a s  t h e  e p i s p e r m ,  a n d  
O u t s i d e  o f  t h i s  c o m e s  t h e  m e s o c a r p  a n d  e p i c a r p .
T h e s e  t h r e e  l a y e r s  ( e p i s p e r m , m e s o c a r p , e p i c a r p )  f o r m  
w h a t  i s  c o m m o n l y  k n o w n  a s  t h e  p e r i c a r p ,  a n d  o u t s i d e  
o f  a l l  e n c l o s i n g  t h e  w h o l e  a r e  t w o  g l u m e s ,  w h i c h  f o r m  
t h e  H u s k .  T h e  s u r f a c e  o f  t h e  o v a r y  i s  c o v e r e d  by the.
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E t i o l o g i c a l  T h e o r i e s — *— -  
\
a l e u r o n e  l a y e r ,  w h e r e  t h e  g l u t e n  i s  s t o r e d .
T h e  c o m p o s i t i o n  o f  d i f f e r e n t  f o r m s  o f  r i c e  v a r y ;  t h e  
f o l l o w i n g  a n a l y s i s  f o r  b o i l e d  r i c e “i s  g i v e n  i n  
H u t c h i s o n ' s  b o o k
WATER 52.7
P R O T Ê I D 5.0 %
F A T 0 . 1 <rf/o
C A R B O - H Y D R A T E 4 1 . 9 .-ft%
M I N E R A L  MA T T E R 0.3 tcf
R i c e  i s  o n l y  m o d e r a t e l y  e a s i l y  d i g e s t e d ,  b u t  
i s  a b s o r b e d  w i t h  g r e a t  c o m p l e t e n e s s ;  i t s  n u t r i e n t  
v a l u e  i s  o b v i o u s l y  m u c h  d e t r a c t e d  b y  i t s  p o o r n e s s  i n  
p r o t e i d  a n d  f a t .
E x a m i n a t i o n  o f  r i c e  i n  u s e  n e a r l y  a l w a y s  s h o w s  
t h e  p r e s e n c e  o f  v a r i o u s  f u n g i ,  a n d  i n  a d d i t i o n  c o n -  
- s L a n t ' l y  c o n t a i n s  w e e v i l s  a n d  l e p i d o p t e r o u s  l a r v a e  o f  
d i f f e r e n t  s p e c i e s  v a r y i n g  a c c o r d i n g  t o  t h e  r i c e .
F o r m  ( 1 ) .  P AD  I  o r  t h o  u n h u s k e d  g r a i n .
T h i s  i s  s i m p l y  t h e  g r a i n  t h a t  i s  d r i e d  a f t e r  
h a r v e s t i n g  a n d  s t o r e d  i n  t h e  v i l l a g e r s '  h o u s e s  i n  b i n ©  
W h e n  i t  i s  r e q u i r e d  f o r  u s e  a  s m a l l  q u a n t i t y  i s  t a k e n ,  
p o u n d e d  i n  m o r t a r s  a n d  w i n n o w e d  b y  h a n d .  B e f o r e  c o o k  
- i n g  t h e  r i c e  i s  c o p i o u s l y  w a s h e d  w i t h  w a t e r  t o  r e m o v e  
d u s t  o r  a n y t h i n g  t h a t  w o u l d  t e n d  t o  m a k e  t h e  g r a i n  
s t i c k  t o g e t h e r ;  t h i s  a l s o  e n a b l e s  t h e  c o o k  t o  r e m o v e  
a n y  d i s e a s e d  g r a i n s ,  t h a t  f l o a t ,  a n d  a l s o  t o  p i c k  o u t  
a n y  b a d l y  c o l o u r e d  o n e s .
T h i s  m e t h o d  i s  l a r g e l y  e m p l o y e d  b y  t h e  p o o r e r  
c l a s s e s  I n  I n d i a ,  a n d  a l s o  i n  t h e  v i l l a g e s  i n  t h e
M a l a y  S t a t e s ,  a n d  I  b e l i e v e  I  am c o r r e c t  i n  s t a t i n g ,  
t h a t  t h e r e  h a s  n e v e r  b e e n  a  c a s e  o f  B e r i - b e r i  r e p o r t s  
a m o n g s t  t h o s e ,  w h o  e a t  r i c e  p r e p a r e d  i n  t h i s  m a n n e r .
O f  c o u r s e  t h e  d i s a d v a n t a g e s  o f  t h i s  m e t h o d ,  w h e r e  l a r ^  
q u a n t i t i e s  o f  r i c e  a r e  i n  d a i l y  u s e ,  a r e  o b v i o u s .
F o r m  ( 2 ) .  "  U N C U R E D ” R I C E .
T h i s  i s  a l s o  k n o w n  a s  " w h i t e  r i c e "  o r  a s  " S i a m  
r i c e " ,  a n d  i s  t h e  f o r m  a t  p r e s e n t  c o n s u m e d  b y  C h i n e s e  
c o o l i e s  a l l  o v e r  t h e  M a l a y  S t a t e s ,  t h e  S t r a i t s  S e t t l e '  
m e n t s ,  F r e n c h  I n d o - O h i n a  a n d  t h e  D u t c h  E a s t  I n d i e s  
a n d  a l s o  I n  s u c h  p l a c e s ,  a s  H o n g k o n g  a n d  C a n t o n ,  w h i c h  
a r e  e a s i l y  a c c e s s i b l e  t o  s h i p p i n g .
T h e  g r a i n  i s  t a k e n  t o  t h e  m i l l s  a n d  h u s k e d  b y  
m a c h i n e r y  b e t w e e n  r e v o l v i n g  n i l l - s t o n e s ;  i t  i s  t h e n  
p o l i s h e d  b y  r o u n d e d  s t o n e s  r e v o l v i n g  r a p i d l y  a g a i n s t  
f i n e  w i r e  g a u z e ,  u n t i l  i t  i s  o f  a  c l e a n  w h i t e  p e a r l y  
a p p e a r a n c e .
T h i s  m e t h o d  c a n  b e  s e e n  i n  d a i l y  u s e  i n  t h e  m i l l f e  
a t  R a n g o o n ,  P e n a n g  a n d  S i n g a p o r e .
A s  a  r e s u l t  o f  t h i s  p r o c e s s  t w o .  h e a p s  a r e  p i l e d  u p  o n  
t h e  g r o u n d  f l o o r  o f  t h e  R i c e  m i l l s ,  o n e  c o n s i s t i n g  o f  
t h e  w h i t e  r i c e  a n d  t h e  o t h e r  o f  a f i n e  b r o w n  b r a n ,  t h  
r u b b e d ~ o f f  p e r i c a r p ,  k n o w n  s o m e t i m e s  a s  " r i c e  m e a l "  
o r  " r i c e  d u s t " .  T h i s  b r a n  i s  l a r g e l y  e x p o r t e d  f r o m  
R a n g o o n  t o  E n g l a n d  t o  m a k e  c a t t l e  c a k e s  a n d  I s  s o l d  
e x t e n s i v e l y  i n  S i n g a p o r e  a s  b e i n g  t h e  b e s t  p i g ' s  f o o d
T h e  t e r m  " S i a m "  r i c e  a p p l i e d  t o  t h i s  f o r m  i s  m o s j t  
m i s l e a d i n g  f o r  t h e  g r a i n  c o m e s  a s  m u c h  f r o m  B u r m a  a s  
S i a m , a n d  l a r g e  q u a n t i t i e s  a r e  g r o w n  i n  P r o v i n c e
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W e l l e s l e y  a n d  t h e  F e d e r a t e d  M a l a y  S t a t e s .  T h e r e f o r e  
i t  i s  m u c h  l e s s  c o n f u s i n g  t o  a d h e r e  t h r o u g h o u t  t o  a  
t e r m ,  w h i c h  c a n  h e  u s e d  i r r e s p e c t i v e  o f  w h e r e  t h e  r i c e  
w a s  p r o d u c e d ;  h e n c e  t h e  n a m e  " u n c u r e d "  r i c e ,  a d o p t e d  
f r o m  B r a d d o n ' s  n o m e n c l a t u r e ,  i s  p r o b a b l y  a s  g o o d  a s  a n y ,
F o r m  ( 3 ) ;  " C U R E D "  R I C E
T h i s  i s  a l s o  k n o w n  a s  " r e d "  r i c e  o r  " I n d i a n "  
r i c e  o r  " p a r b o i l e d "  r i c e ,  a n d i s  p r e p a r e d  i n  t h e  f o l l o w -  
- i n g  m a n n e r :  —
Fw*i-
T h e ' p a d i *  i s  s o a k e d  i n  w a t e r  f o r  1 2  t o  2 4  h o u r s ,  a n d
A
t h e n  h e a t e d  i n  v e s s e l s  c o n t a i n i n g  w a t e r  o v e r  a  s l o w  
f i r e  u n t i l  t h e  h u s k  b u r s t s ;  i t  i s  t h e n  s p r e a d  o u t  i n  
t h e  s u n  a n d  d r i e d .  A f t e r  t h e  d r y i n g  i s  c o m p l e t e d ,  i t  
i s  h u s k e d  b y  p o u n d i n g  ( t h e  h u s k  s e p a r a t i n g  v e r y  r e a d i l y )  
o r  i s  s e n t  t o  a  m i l l  w h e r e  i t  p a s s e s  t h r o u g h  t h e  r e -  
- v o l v i n g  m i l l s t o n e s ,  b u t  n o t  o v e r  t h e  w i r e  g a u z e .
T h e  r e s u l t  i s  a  g r a i n ,  w h i c h  h a s  a  d i s t i n c t l y  r e d d i s h  
a p p e a r a n c e  d u e  t o  t h e  f a c t ,  t h a t  t h e  a l e u r o n e  l a y e r ,  
s o  r i c h  i n  g l u t e n  e t c ,  h a s  n o t  b e e n  r e m o v e d .
T h e  s o l e  d i f f e r e n c e  b e t w e e n  t h e s e  t w o  f o r m s  o f  r i c e  i i  
t h a t ,  o n e  h a s  b e e n  p o l i s h e d  t i l l  n o t h i n g  b u t  t h e  a c t u a l  
g r a i n  ( o v u l e )  i s  l e f t ,  p r e s e n t i n g  a  f i n i s h e d  a r t i c l e  
w h i t e  a n d  p l e a s i n g  t o  t h e  e y e ,  t h e  w h i t e r  i t  i s  t h e  
m o r e  h i g h l y  i s  i t  a p p r e c i a t e d ,  w h i l e  t h e  o t h e r  p a s s i n g  
t h r o u g h  a  d i f f e r e n t  p r o c e s s  i s  n o t  s o  h i g h l y  p o l i s h e d ,  
r e t a i n s  t h e  a l e u r o n e  l a y e r  a n d  h a s  a  d i r t i e r  a p p e a r a n c e .
A g a i n  I  l a y  s t r e s s  o n  t h e  f a c t ,  t h a t  t h e  t e r m  
" I n d i a n "  i s  a  m i s n o m e r  a n d  m o s t  .............
over
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e r r o n e o u s ,  f o r  m u c h  o f  t h e  s o - c a l l e d  " I n d i a n "  r i c e  i s  
< ?r or m  i n  S l a m  a n d  e ls e w h e r e ;  i n  f a c t  " I n d i a n "  a n d  "Sisj i :  
r i c e  m a y  h e  s e e n  g r o w i n g  t o g e t h e r  i n  t h e  s a m e  f i e l d .
S o  t h e  t e r m  " c u r e d "  t h o u g h  n o t  a l t o g e t h e r  s a t i s f a c t o y  
w i l l  b e  u s e d  a s  r e f e r i n g  t o  r i c e  p u t  o n  t h e  m a r k e t  a f t e r  
p a s s i n g  t h r o u g h  t h i s  m o d e  o f  p r e p a r a t i o n .
I  h a v e  d e s c r i b e d  t h e  m e t h o d  I  s a w  e m p l o y e d  i n  
I n d i a ,  h u t  I  b e l i e v e  t h e r e  a r e  s o m e  m i n o r  d i f f e r e n c e s  
i n  o t h e r  p l a c e s  I n  P e n a n g  i t  w a s  h o w e v e r  v e r y  s i m i l a r ,  
h u t  I  s h o u l d  m e n t i o n ,  t h a t  i n  t h i s  p l a c e  t h e  g r a i n ’ i s  
o f t e n  l e f t  s o a k i n g  i n  w a t e r  f o r  a  v e r y  l o n g  t i n e ,  i n  
f a c t  I  h a v e  s e e n  i t  c o m m e n c i n g  t o  s p r o u t ,  i t  i s  t h e n  
h e a t e d  o r  s t e a m e d  f o r  o f t e n  n o  l o n g e r  t h a n  3  t o  1 0  
m i n u t e s .
H e n c e  w h e n  o n e  a p p l i e s  t h e  t e r m  " c u r e d "  t o  t h i s  
m o d e  o f  p r e p a r a t i o n  i t  i s  n o t  i n t e n d e d  t o  c o n v e y  a n y  
i d e a  o f  s t e r i l i z a t i o n ,  t h o u g h  t h i s  h a s  b e e n  c l a i m e d -  
f o r  i t ,  b e c a u s e  t h e  r i c e  i s  n e v e r  h e a t e d  t o  a  s u f f i c -  
- i e n t l y  h i g h  t e m p e r a t u r e  t o  k i l l  a n y  o r g a n i s m s .  I n  
f a c t  i t  f r e q u e n t l y  l o o k s  m o u l d y  a n d  d i r t y  a n d  I  w a s  
i n f o r m e d  t h a t  i n n u m e r a b l e  m o u l d s  a n d  b a c t e r i a  h a v e  
b e e n  c u l t i v a t e d  f r o m  i t .
S u c h  t h e n  a r e  t h e  w a y s  b y  w h i c h  r i c e  i s  m a d e  
r e a d y  f o r  c o n s u m p t i o n  a n d  t h e  w h o l e  s i g n i f i c a n c e  o f  
t h e  q u e s t i o n  o f  r i c e  a s  t h e  c a u s e  o f  B e r i - b e r i  d e p e n d ^  
o n  f u l l y  a p p r e c i a t i n g  t h e s e  i n i t i a l  d i f f e r e n c e s  i n  t h e  
m o d e  o f  p r e p a r a t i o n .
Etiological Theories-----
Etiological Theories----
T o  r e t u r n  t h e n  t o  B r a d d o n ’ s  t h e o r y ,  i t  w o u l d  
s e r v e  n o  p u r p o s e  t o  r e t a i l  a t  l e n g t h  a l l  t h e  m a s s  o f  
f a c t a  h e  b r i n g s  f o r w a r d  i n  s u p p o r t  o f  i t .  A l l  o f  w h i c l f i  
g o  m o r e  t o  p r o v e  t h e  h y p o t h e s i s ,  t h a t  r i c e  i f  " u n c u r e c .  
i s  t h e  a c t u a l  m o d e  b y  w h i c h  t h e  i n f e c t i o n  ò f  B e r i - b e r i  
i s  i n t r o d u c e d  i n t o  t h e  s y s t e m ,  t h a n  t o  u p h o l d  t h e  
c o r o l l a r y ,  w h i c h  h e  a d v a n c e d ,  t h a t  i t  i s  c a u s e d  b y  a  
p o i s o n  f o u n d  i n  r i c e ,  w h i c h  i s  t h e  t h e  r e s u l t  o f  t h e  
s p e c i f i c  p r o d u c t  o f  s o m e  o r g a h i s m ,  e p i p h y t e  o r  p a r a s i t e .
T h o u g h  u n w i l l i n g  t o  e n t e r  i n t o  t h e  m a t t e r  a t  
g r e a t e r  l e n g t h  y e t  i t  m a y  b e  a s  w e l l  t o  b r i e f l y  r e c a p ­
i t u l a t e  i n  o r d e r  t h e  p o i n t s ,  w h i c h  l e d  u p  t o  h i s  
d e d u c t i o n s : — -
( a ) .  B e r i - b e r i  m u s t  b e  d u e  t o  a  d e f e c t  i n  t h e  
d i e t a r y ,  a s  a l l  b a c t e r i a l  a n d  i n f e c t i o u s  
t h e o r i e s  a r e  i n c o m p a t i b l e  w i t h  t h e  k n o w n  f a c t $ .
( b ) .  I t  m u s t  h e  d u e  t o  s o m e  f o r m  o f  g r a i n  i n t o x i c -
- a t i o n  ( n o t e ^  t h e  c l o s e  a n a l o g y  b e t w e e n
B e r i - b e r i  a n d  E r g o t i s m —-------
( c ) .  T h e  o n l y  g r a i n  c e n s u r a b l e  i s  r i c e ,  b e c a u s e  i t  
i s  t h e  s t a p l e  f o o d  o f  t h e  i n h a b i t a n t s  o f  t h e  
a r e a  o f  e n d e m i c i t y  o f  B e r i - b e r i ,  a n d  t h e  d i s -  
- t r i b u t i o n  o f  t h e  d i s e a s e  a g r e e s  g e n e r a l l y  
w i t h  t h e  d i s t r i b u t i o n  o f  g r a i n  d r a w n  f r o m  
t h o s e  a r e a s ,
( d ) .  A l l  B e r i b e r i c s  e a t  r i c e  a n d  v i c a  v e r s a  t h e s e  
w h o  d o  n o t  e a t  r i c e  d o  n o t  g e t  B e r i - b e r i .
( e ) .  B u t  a l l  w h o  e a t  r i c e  d o  n o t  g e t  B e r i - b e r i
for instance the disease is rare in China, 
where millions eat nothing else*and in India, 
where it forms the principle article of dietar^ 
of an enormous mass of the population the dis- 
-ease is very infrequent.
(f). Therefore it must he due to a certain fona of 
rice'eaten.
(g). The chief cause,in specializing the various 
forms of rice eaten, is the- mode of preparation 
The toxicity, therefore, must depend upon this 
and hy a process of elimination "uncured'' rice 
is the form which is most culpable.
(h). The"uncured" rice is deprived of its natural 
protection, and so becomes an excellent medium 
for saprophytic growth, the poison being adven- 
-titious and only arising after decortification 
On the other hand tho"cured" rice retains this 
protection and its mode of preparation is such 
that any germs present— ■" would be made Tirst t<j) 
germinate and then in that vulnerable stage be 
destroyed by heating. The process is, roughly, 
and under open air conditions, in fact, such as 
is daily resorted to in every laboratory to 
sterilize or render free of noxious germs, 
various materials, which may contain them"
( BRADDON )
(j). The incidence of Beri-beri varies with the
quantity of " uncured " r-ice consumed, and the 
number of cases persists as long as this form 
of rice is eaten, and diminishes progressively
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when it is discontinued;,
(k). As regards the nature of the toxic agent;— -
(1)."'The poison is probably an alkaloid stable 
and non-vo1at i1e"
(2)."The formation of the poison in stale rice 
is probably due neither to fermentation 
nor to bacteria, but to the growth in it 
of a special fungus"
(o)."The fungus is probably a surface parasite
or epiphyte affecting the seed saprophytic- 
-ally after decortication"
( BRADDON )
Such then is the process of reasoning by whic 
Braddon arrived at his conclusions and upon which he 
formulated his theory. The great value of the work 
lies'-in the enormous amount of evidence, which he 
accumulated to prove the all-important part "uncured" 
rice plays in the production of this disease. The 
conclusions arrived at in this respect are supported 
by definite facte, but the corollary to the theory, 
which explains what it is in the "uncured” rice, that 
is responsible for its toxicity, leaves the region of 
facts and enters that of the theoretical. There is 
one very strong objection, that can be raised against 
this explanation of the toxicity of this particular . 
form of rice.
In the above summary I have at one point quoted 
Braddon1s exact words in inverted commas, in which he
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maintains, that the process,through which the "cured." 
rice passes, would he efficient first of all to germ- 
-inate and then to destroy the specific growth, in 
fact a means of sterilization. But anyone, who has 
seen the proc ss, while agreeing as far as the germin-- 
ating part is concerned, would hesitate to acquiese 
to the conception of sterilization; for as shown 
earlier in this thesis the rice, which has often lain 
in water until it is sprouting, is then heated often 
for only from 7 to 10 minutes and never to a height 
sufficient to ensure sterilization; the temperature 
being that of a comfortably warm poultice and tending 
rather to encourage than to exterminate the growth of 
any bacteria.
Amongst other observers, who have held that 
in rice is to he found the cause of Beri-beri, one 
should mention the names of two, who have done special 
work on the subj e ct.
(1). ElJKMAN,experimented with fowls feeding them
with rice and came to the conclusion
that the poison was an inherent property
of the rice seed as apart from the raw
in
grain or ’padi', and that the pericarp 
a natural antidote was supplied to the 
poison of the seed.
(2). Van DIEREN. who from the first held that the
poison causing Beri-beri was contained 
in decorticated rice, published a hook 
which embodied this view and substantial
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it by the quotation of a number of cases, in which the 
alteration in the dietary of " cured " for " uncured " 
rice was followed by surprisingly good results. He 
also laid, stress or. the close analogy between Beri-beri 
and such diseases as Pellagra, Lathyrism and Ergotism.
All these tend more and more to convince one 
of the undoubted culpability of " uncured " rice, but 
the reason of its toxicity is not shown satisfactorily 
by any of the theories we have considered.
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(C). SALPAHHA1S ARSIN THEORY.
In 1903 Saldanha published a paper giving his 
views as to why the " uncured " rice is so toxic.
His work was done amongst the Chinese emigrants in the 
Transvaal. At first there were a large number of case 
of Beri-beri with a high mortality, but after the 
introduction of " cured " rice there were practically 
no cases of the disease. although as many as from 
50,000 to 60,000 coolies were being employed.
His theory is that rice is attacked, by a fungoi 
disease, the active principle of which he called
" ARSIN " (Tamil- arsi = rice).
This arsin during the"curing’'of the rice under- 
-goes fermentation and by doing so becomes inert. On 
the other hand the " uncured " rice retains its arsin 
in an active condition, chiefly in the fine bran which 
is not removed by winnowing,
When the " uncured " rice is eaten and especial
L 1 B 3 U J W  b
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if the water it is cooked in is drunk as well, as it 
so often is, the consumer .on each occasion takes into 
his system a small dose of arsin.
The result of this consumption of arsin in the 
food is, that in some cases diarrhoea is caused hy 
which method Nature expels the poison and saves the 
system, or that in o.ther cases the arsin accumulates 
in the.¿40*fcum and eventually sets up all the symptoms 
of Beri-beri. This points to the poison being cumul- 
-ative, and so in that respect this theory falls into 
line with the original bacteriological investigations 
of Pekelh&ring and Winkler, who laid particular stress 
on the fact, that the poison of Beri-beri must be 
constantly reintroduced into the system.
Saldanha that the initial action of arsin is th£t A
of a cardiac sedative, further he asserts that rice 
containing arsin, when boiling, emits an alliaceous 
odour, the inhalation of which causes a sensation of 
fulness and exhilaration analogous to alcohol in small 
quantities.
The predilection of Beri«beri for certain ships 
is due to the fact, that, although the holds are emptied 
before a new Supply of rice is stocked, the rice bran 
remains in tbe cracks and corners and infects the freslji 
consignment. I am unwilling at this point to enter 
into tbe discussion of Ship Beri-beri, but I cannot 
think that it can be explained by this method of reasoijn 
-ing. I am doubtful as to the existence of this so- 
-called predilection, a n d  in any crre I have seen a
ship’s hold most thoroughly and conscientiously dis- 
-infected in a manner that would have done justice to 
a surgical theatre and pet, I have learnt later, that 
Beri-beri has broken out amongst the crew.
But to return to the arsin theory, if one works 
on the lines of this hypothesis one will at once note 
-■that Beri-beri and Ergotism (from the eating of rye 
bread) lio in a much closer relation-ship to one anothe 
than Beri-beri and Scurvy.
This theory is in many ways an extremely plaus- 
-ible one, and it is certainly another positive proof 
of the value of eating " cured " rice, but,before 
accepting it as tbe actual cause of this disease, 
further research on these lines would have to be con- 
-ducted with the isolation of this active principle 
"arsin", and inoculation experiments with the same.
For as it stands the blaming of the fine rice bran, 
as harbouring tbe active princiole, is in direct con- 
-tradiction to the original results obtained by 
Eijkman with his fowls, and to the most recent of all 
researchs conducted by Fraser and Stanton.
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(D). FRASER and ST.aNTOH * S THEORY of PHOSPHORUS
DEFICIENCY.
These two observers first carried out a series of 
experiments to prove for themselves the truth of 
Braddon's theory, that it is the " uncured " rice that 
is at fault.
One of these experiments is of such great 
interest and so conclusive in its results that I will 
refer to it hero at some length.
Two parties of men were placed under similar 
conditions as to environment, and the food supply was 
under direct control*
To obviate any sources of error in the experiment it 
was desirable, that they should bo working in an area 
previously uninhabited, where no Beri-beri had existed 
and removed at such a distance from any town or village, 
that infection oould not occur in that way. For the 
same reason the men engaged in the work would be un- 
-able to obtain any additional food to that suoplied 
to them.
These conditions were admirably obtained in 
the state of Negri Sembclan. Three hundred Javanese 
coolies were divided into two approximately equal 
parties and employed in road constuction.
The quarters erected for their use were well 
made, well ventilated and dry; they were raised off the 
ground and on an open space prepared by clearing virgin 
jungle; in a like manner every care was taken to see 
that the sanitation was all that could be desired.
Tbe daily dietary was a full arid generous one consist- 
-inp; of Rico, Salt Fish, Onions, Potatoes, Cocoa-nut 
Oil, Tea and Salt. All the men were examined carefilljy 
and Beri-beri excluded before they were allowed to go 
to work; also a suitable interval was allowed to elaps^ 
before the experiment was started.
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Several conclusions were drawn fron the results obtains
RESULTS
20 cases of -Beri-bipri occured out of the 220 men fed 
on " uncured " rice, this excludes a number which in 
ordinary practise would probably have bee1' recorded as 
Beri-beri, for they shewed some of the symptoms of the 
disease but not very definiti;/.
No cases of Beri-beri occured out of 273 men fed on 
" cured " rice, nor did any of the slighter forms appe? 
which have just been mentioned as being excluded from 
"k-e list of those on " uncured ”,
Amongst the cases of Beri-beri none occured sooner than
87 days after the commencement of the " uncured " rice; 
this of great interest in considering the incubation 
period of the disease.
Further patients suffering from Beri-beri were brought 
into contact with thos; eating " cured " rice, but no 
cases occured a orgst t’̂e latter; this seems to be a 
strong point against the view that the disease is 
directly communicable.
d,
Again, patients suffering from Beri-beri, when removed 
from the place where they contracted the disease, show-' 
-ed no improvement. as long as they continued to eat 
the " uncured " rice; this is a distinct argument against
Etiological Theories----
'place* infection having any influence on the develope- 
-mont of the disease.
Lastly, if Beri-beri broke out in a party and " cured ' 
rice was substituted for. " uncured there was at once 
a cessation of the disease and no further cases occurve
This experiment is of the importance, because 
it was carried out in a manner, which excluded many of 
the possible fallacies urged against similar dietetic 
trials in the past, and throws a lot of extra light on 
the etiology of the disease.
Having thus satisfied themselves, that in 
" uncured " rice was to be found the cause of Beri-beri. 
Fraser and Stanton determined to investigate this point 
more closely, and conducted a series of most interest­
i n g  experiments with fowls. Personally speaking I 
had- the pleasure of seeing these experiments at Kuala 
Lumpur and confess, that to ones own mind they carried 
with them the most absolute conviction.
Their first efforts were to see if they could 
possibly extract from”uncured” rice (which had been 
directly associated with an outbreak of Beri-beri) 
any substance, which by chemical means could be detect- 
-ed as poisonous: this they failed to do.
Then it struck them that there might possibly 
be some defect in the nutritive quality of this partic­
ular form of rice,and this induced them to carry out 
certain experiments with fowls; for it was found that 
r ic e  wMtff? caused Beri-beri in man,set up a polyneuritj.
in fowls. They laid great stress on this, that in th£ 
meantime it is immaterial whether or no the disease in 
fowls (Polyneuritis Gallinorum) is analagous to that 
in man. The whole point being, that certain rice can 
be shown to set up a reaction in fowls, and that this 
can be taken as an indicator of the Beri-bori produc- 
-ing power of that rice in man. For rice which was 
actually being consumed during an outbreak.of Beri-ber 
at the Kuala Lumpur Police Depot was found to produce |Ln 
fowls the distinguishing' reaction.
A comparison of the analyses of the various 
forms of rice showed,that of the three main constitu- 
-ents of food, the only one that was materially at var 
-iance was the amount of Fat present; this being least 
in the ''uncured” Siam rice. But Fat Deficiency, as 
already shown, had been proved to have nothing to do 
with the causation of the disease, so they turned thei 
attention instead to the mineral constituents of the 
grain.
By a special method they were able to cut and 
stain sections of the rice of such thinness, that thei:: 
histological characters could be studied. It could then 
be clearly demonstrated, that in the "cured” rice rem- 
-nants of the pericarp remained attached to the grain, 
which in the case of the "uncured” had been polished 
away. The layer retained in the "cured” rice contained 
most of the aleurone and oily material present in the
grain. Experiments then showed that whereas fowls fe 
on"uncured" rice developed the”reaction ”, those fed 
on "cured” rice or on "padi” milled by primitive
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methods did not suecumb. Further " cured " rice could 
he rendered as toxic s s  fesgfes as "uncuredy if it were 
first subjected to exhaustion with alcohol and then 
carefully dried in the sun to free it from the alcohol 
That is to say, that rice, which had previously been 
proved to be non-toxic, became after passing through 
this process toxic to fowls; something had been remov- 
-ed from the rice, which was essential to prevent 
polyneuritis in these birds.
Also fowls fed on the ” uncured " rice from the same 
bag,as had set up the"reaction" in some other fowls, 
had this food supplemented by an emulsion made from tt 
rice'polishingsJ which was introduced into their crops 
and none of them developed the "reaction".
In case the "reaction" caused by the"uncured" 
rico was due to staleness, fresh "uncured" rice was 
obtained daily with exactly the same results. This 
seems to discountenance at once the idea, that the 
harmfulness of " uncured " rice is due to the devel- 
opement in it of a poisonous substance subsequent to 
milling.
If now fowls were fed on " uncured " rice al- 
-ready proven, to be harmful, and to this diet there 
were added the emulsified residue (extracted by—  and 
freed from alcohol ) from the "cured" rice, it was 
found that no "reaction" die cured»
It might with justification be urged, that 
the use of alcohol to extract from the "cured" rico 
the properties, whose absence rendered it toxic,
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opened a possible means by which the subsequent poly- 
-neuritis was produced; but this contention is proved 
to be invalid, because the very substance, which was 
extracted by the alcohol, when freed from it by drying 
in the cun, was able to prevent the "reaction" occuring 
in fowls, who were eating "uncured" rice of known to&ic- 
-ity.
What- then was the difference between the two forms 
of rice in use ?
After some attempts to estimate the lipoids, Frase 
decided to turn his attention to the amount of Phosphor 
-us as Phosphorus pentoxide( P_, 0¿.). The most interest­
i n g  fact soon became apparent that the rices, which 
produced the greatest "reaction" in fowls were those 
which were most deficient in P, 0̂  .
A "cured" rice containing*46$ of PA05never set up 
any "reaction"; an "uncured" rice with only *27,% gave 
marked polyneuritis; and in the same way "polishings^ 
whose admixture with, a toxic rice prevented any "re-acti 
occuring contained 4 • 2% of P, 0¿..
Thus by the phosphorus estimation of a given rice 
its power to cause a polyneuritis in fowls can be read- 
-ily gauged, and a very probable measure of its Beri­
beri producing nroperties in man ascertained.
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This then is the most modern of all the rice theorie 
of Beri-beri and is of the greatest interest, supported 
as it is by so much experimental evidence, because it 
places Beri-beri in a position analogous to that of
curvy, amongst the diseases due to-faulty nuitrition.
on"
Recent Work done on Beri-beri and '"Jneured" Rice
Fink in a recent paper described work done 
by him on this subject in which he tried an experiment
with Parrots. Five young birds were fed on ''uncured" rice
green chillies and papaya. On the 18 th day one bird got 
ill and died on the 82 nd, with loss of power in the legs 
and dyspnoea. The next day the second bird died in a sim- 
~ilar manner. A week later the third and a week later the 
last. The last bird Was now very ill and its life was
despaired of. At this time then its food was changed to
RICE (still "uncured") plus POLISHINGS, within d few days 
a distinct change was seen and the improvement went on 
steadily till within 4 weeks it could, sit on its perch 
and fold its wings naturally.
This experiment is of great interest and is 
another very convincing piece of evidence in favour of 
the value of rice"polishings" and so of the Phosphorus 
Starvation Theory.
In support of the work done by Fraser ahd 
Stanton a report was recently published (Oct. 1910) 
of work done by Aror in the Physiological Laboratory 
tof the Philippine Medical School. He summarises the 
result of his experiments as follows:— -
(1). Certain food stuffs, especially rice, which are 
poor in Phosphorus (phytin) if used as the main 
or exclusive article of diet for any length of 
time,,cause Beri-beri.
(2). The process of polishing removes the outer layer 
which are rich in Phosphorus, especially the sol 
-uble organic compounds of that element(phytin).
(3). A diet,which causes Beri-beri if given to anim- 
-als for any length of time, is not sufficient 
to keep them in normal health.
(4). A polyneuritis is set up in chickens eating 
white ("uncured") rice', while the addition of 
organic phosphorus in the form of Phytin reduces 
the deleterious effect of this diet.
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Before passing on to a consideration of 
the etiological factors of this disease let us deter- 
-mine, which of all the theories I have enumerated can 
be said to be most in consistence with the known facts 
When we come to describe the symptoms of 
the disease it will be seen, that those#that give to 
Beri-beri its typical aspect, are all secondary. The 
question arises, are they secondary to disease occurin 
in the same man, or to a poison formed outside man and
absorbed by him or simply to a want of something, 
.which is essential for his well-being.?
Many observers continue to maintain, that 
the Infectious theory is the only plausible one; and 
yet both the causal agent and its mode of entering the 
body are entirely theoretical; not one of the many v 
views advanced from time to time have been able to 
stand a thorough investigation.
The very fact, that in spite of rapid and 
facilitated interport intercourse districts where - 
Beri-beri is epidemic do not alter to any great extent 
and the long and indefinite period of incubation are 
both strongly against any infectious theory of the dis 
-ease. Further,though it is true that some of the epi 
-demic features of Beri-beri may be explained by an 
infectious theory, yet it fails altogether to clear 
un many of its most obscure problems.
Direct contagion has never been proved, 
although there are some arguments that car. be brought 
forward in favour of it, such as —  the close retent­
i o n  of an attack to a group of houses, or to one hous 
where all were eating and living in the same way, but 
although such cases have.been reported they are un- 
-usual and it has not been ones experience to come 
across any such selective propensity.
At Christmas Island the houses furthest along the 
coolie lines from the "kongsi" (store) always furnish- 
-ed the most cases, but this was undoubtedly due to th 
fact, that those particular dwellings were used by the 
"sinkhehs" (new comers,-coolies under indenture), while
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the "laukhehs" (coolies who had re-engaged after serv­
i n g  their indenture) occupied the houses ne??.rer the 
store and incidentally the gambling tables.
It is only right however to refer to certain 
published facts, which seem to support the infective 
theory, though personally I d'o' not see that they In 
any way detract from the validity of the alimentary 
theory.
(a), Scriba pointed out,that at the University 
Hospital at Tokio, Beri-beri constantly attacked the 
patients on one side of the ward and spared those on 
the other; and I was told In Batavia, that there used 
to be three beds in the Military Hospital there, that 
always gave Beri-beri to young soldiers occupying them
(b), Vordernan noted that at KrakaSn in the 
Dutch Indies Beri-beri was unknown, until some of the 
prisoners were taken to work at Probonlinggo, where 
the disease was very rife. On the return of these 
men to Krakaan Beri-beri broke out and has been endem- 
-ic ever since. Also Major Grey some years ago report 
-ed, that Beri-beri was unknown at Penang until 200 
prisoners were brought ub from Singapore and that ever 
since then it has beer extremely prevalent.
(c), It is undoubted that the disease follOYi-s th 
principle lines of trafic this has been claimed to 
supcort both theories by their respective advocates.
(d), Again those in favour of an infectious 
cause Instance the introduction of Beri-beri into 
Australia by the Chinese and into Fiji and Diego-Garci 
by the Japanese and into New Caledonia by the Annamite
u xoxogjLcax i n e o r i e s ----------
In the last case BOO coolies from Indo-China 
were landed on the island of Preyainet (a desert island 
used as a quarantine station). Soon after that Beri-hejr 
"broke out and the island was abandoned and 400 of the 
emigrants went to Noumea, the capital of New Caledonia 
Shortly after their arrival Beri-beri became prevalent 
amongst them and 10 natives of the place died of the d 
disease.
Jeanselme lays particular stress on these 
instances, as pointing indubitably to an infectious 
°rigin of the disease, but Bradaon has dealt with each 
case individually, and has proved that rice can always 
be shown to have been at the bottom of the trouble.
For instance in the case of the immigrants to 
New Caledonia, their diet consisted of rice and a smal 
quantity of salt fish and nothing more, when they were 
put in a position to buy their own food the disease 
disappeared. A number of Annanites with Beri-beri 
were retained on a moored vessel and close to this 
lay a lighter on board of which were living a party 
of> Kanakas (natives of the New Hebrides who had never 
been known to have had Beri-beri). Ten ot these devel- 
-oped Beri-beri and this was taken by Hagen, the medic 
-al officer in charge, as being proof positive of the 
contagiousness of the disease. But it is much more 
likely that as the shins lay so near one another, the 
Kanakas obtained rice from the Annamites. In any case 
the dietary of the Kanakas was not stated and there 
seems to be some reasonable doubt as to whether they
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ever had Beri-beri at all; Hagen was in extreme doubt 
at the time and the described symptoms do not tally 
with those of the disease known as BePi-beri.
E t i o l o g i c a l  T h e o r i e s - --------
On the other hand consider a few of the argu- 
-menfcs in favour of the RICE THEOBY. Some of these I 
have already touched upon, but may be permitted brief1 
to recapitulate.
(A). All over Malaya the coolie class, who 
eat ,funcured" rice, is the source from which all the 
cases of Beri-beri are drawn. In the same way on 
Christmas Island the disease was confined to the Chin- 
-ese while the Tamils and Malays escaped. On the 
rare occasions on which a Malay did develope the disei 
I found, that he had been getting his rice from the 
Chinese store. The wealthy Chinese in Malaya eat 
"uncured" rice, but do not devclope Beri-beri, this is 
readily explained because,as in the case of Europeans, 
rice forms only a subsidiary part of thair daily diet.
(B). It is true that at the Gaol at Taiping in 
1897-1898 and again in 1903-1904 though the rice in 
use was "uncured-", -yet there wore no eases of the d.is 
-ease. But this is little evidence to balance all the 
can be brought in support of the theory, for it is 
quite possible that the "uncured" rice in use on these 
occasions had not passed through any very excessive 
polishing and still retained sufficient Phosphorus to 





In 1897 In the Gaols of Bengal owing to a great 
scarcity in the Indian crop Burma rice was used instead 
and has been used ever since as it is usually cheaper.
Thus the prisoners have been eating "uncured" rice and 
yet Beri-beri is not found, I mention this because stress 
has been laid on it, that here lies a direct proof against 
the Rice Theory. At first the lack of toxicity was attrib- 
-uted to the method of storing the grain, which consisted 
in mixing it with lime, which was washed out before it 
was cooked. The explanation is much simpler for the rice 
was never eaten to the exclusion of other forms of food, 
but only in conjunction with an abundant supply of pulses 
( dais ), while in the Bihar District of Bengal more than 
half of the dietary consists in Wheat or Maize.
It is not hard to understand how the necessary 
proportion of Phosphorus is obtained.
(C). In 1901 practically the only cases of 
Beri-beri, that occured in the Indian Army, were among 
the regiment stationed at Rangoon and they ate "uncurefi 
rice. Again in 1902—1903 it was the regiment at Sing- 
-apore that supplied the cases for a similar reason.
(D). In Penang the Tamils eating "cured" ric 
who work in the mines at Sungei Besi are immune, while 
the Chinese eating "uncured" rice and working in the 
immediate neighbourhood at mining-labour suffer severl;
(E). Buchanan has pointed out, that in Cal- 
-cutta the natives who do not eat rice, but prefer 
millet, wheat and c o m  do not contract the disease; on 
the other hand there is a small community of Chinese 
chiefly shoemakers and carpenters, who eat rice and
it is amongst them only that Beri-beri is found. This 
was the case in 1898, and when I was in Calcutta I was 
informed that it is almost equally true today.
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(P). In Singapore Gaol from 187S-1885 Beri­
beri was very prevalent, then the amount of rice was 
reduced and from 1888-1897 no cases occured. Then the 
amount of rice was increased and from 1898-1904 Beri­
beri again predominated. During all this time "uncure 
rice was in use, but from 1904 up to the present time 
"cured" rice has been in use and the number of cases 
has steadily decreased, until an absolute minimum has 
been reached.
As regards the Lunatic Asylum at Singa- 
-pore Ellis in his report states that from Oct 1903 
to Oct 1904 tie inmates were on "cured" rice and durin
a
that time only one case of Beri-beri occured, though 
endemic in the Gaol and formerly both institutions 
had beer attacked to a similar degree. A return to 
"uncured"rice was very soon followed by an outbreak of
Beri-beri, while none of those kept on the "cured"
variety as a control developed the disease. This is 
of extra importance coming from Ellis, for in 1903 he 
had published a paper, in which ’he clearly stated 
his disbelief in the rice theory.
(G). One of the most striking examples is 
afforded by Manilla. Before 1884 Bcri-heri was un- 
-known in the island, just previous to this date
there had been an outbreak of Cholera, which devast­
ated the country. The diet of the poorer Philipinos 
rice, a little fish and some fruit: as a result of the 
cholera scare they did not dare to touch fish (as the 
rivers were polutea) or fruit and so were forced to 
rely on rice alone as their form of diet. AS a direc 
consequence of this Beri-beri broke out and hundreds 
fell victims to it, the disease being confined solely 
to those (Philipinos, Malays and even some Europeans) 
who subsisted entirely on rice.
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(H). The geographical distribution of Beri-
-beri as a common disease is admittedly that of the
distribution of "uncured" rice. In Japan according
to Miura, who has long hold the alimentary theory,
Beri-beri was for years limited to the big sea-ports
until, with the advent of railways and rapid locoaotio|n
rice was able to be cheaply imported up country, and
then the disease became extremely prevalent in the 
interior.
In Hongkong cases of Beri-beri occur in grea 
numbers, the same can be said of Canton and places up 
the river, wherever trade facilities enable "uncured" 
.rice to be readily imported and sold cheaply. Once 
away from these districts the disease is practically 
if not absolutely unknown.
In the interior of China they employ what is 
probably the most primitive of all methods of prepar­
i n g  the grain for consumption: the woman places a 
handful of "Padi" on the floor, and then standing on 
it rolls it about with her foot, until the unhusked 
grain separates out; as much then as the chickens have 
not eaten is swept up off the floor and cooked.
I have seen coolies,who have developed typical 
Beri-beri in Hongkong, go inland to their homes, where 
they continued to live on rice, which was now home- 
-milled, and return in quite a short time perfectly 
well. Some of these cases were so surprisingly com- 
-plete, that had I not examined them myself both befor 
and after, I could hardly have credited the results.
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(I). Women are singularly free from Beri-beri,
but it has been constantly noted in the Philipines and
amongst the Portugese in Malaya, that quite largo
numbers of women develope the disease during the
puerperium, often with fatal results. The probable
reason being, that it is the custom of these people
to keep the puerperal woman often for weeks on an al-
-most starvation diet, the only form of nourishment
allowed being a thin rice gruel. Takaki has recogniz 
-ed the same to be the case in Japan, as refered to
in Bentlct’s hook on Beri-beri.
There are so many instances which substantiat 
this theory, that I can hardly refer to them all, mere 
reiteration is of little value, hut such as I have had 
first-hand acquaintence with are perhaps worth retail- 
-ing.
(K). For instance in the Hongkong Gaol, since 
the use of a "coarse*' rice, namely one with a large 
amount of adherent pericarp, out of a daily average 
of 500 prisoners no cases of Beri-heri have occured.
On the other hand a large number of cases of this d.is~ 
-ease are daily admitted to the Tung Wah Chinese Hosp- 
-ital. Enquiry shows that hy far the greater number 
of these patients are "free" coolies. In other words 
the "contracted" coolies, who are given a rice which 
is not highly polished, do not develop© the disease to 
anything like the same extent as those, such as the 
rickisha class, who buy their own rice and prefer to 
purchase the highly polished white variety.
E t i o l o g i c a l  T h e o r i e s  —
(L). Campbell Highet M.O.H. for Siam in his
12th Annual Report instances the following:---
Owing to a severe outbreak of Beri-heri amongst the 
police, it was decided to make s"me experiments with 
"cured" rice. The first place chosen was the Lunatic 
Asylum, which was a hot-bed of the disease, and it wa 
selected because the food supply was under complete 
control. At the time when the "cured" rice was commer
-ced (Feb 1909) 22 patients were suffering from
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Beri-beri, of those 4 died, the remainder improved 
stearily and not s, case has since occuredf the result 
vías really most striking. This rice was then supplied 
.to the Hospital for Infectious Diseases, to the police 
prisoners and to the Reformatory at Koh Si Chang with 
like gratifying results. Highet reported that during 
BO years service it was the most wonderful phenomena 
that he had come across-.
(M). Van Andel, Army Surgeon in the Dutch 
East Indian Army in a paper on the Etiology of Brri-be 
refers to the good results he has obtained in his prac 
-tice by the substitution of a legumen to take the 
place of the rice in the dailjiy dietary. The legumen 
chosen being known as the Java Pea — -Phaseolus Radiatu 
locally called "Kadjang-Idiu". Samples of this were
shown to me in Batavia, and also its method of prepar 
at ion, it being cooked to resemble a rice food as 
closely as possible, while Its use is supplemented 
with fresh fish, vegitables and fruit.
It has been shown over and over again, if
rice is absolutely cut out of the dietary and this pea
substituted, that not only does Beri-beri cease but
also cases that have developed advanced paraplegia or
absolutely water-logged improve with marked rapidity.
In the light of Fraser"s experiments it would be of
much interest to know the percentage of Phosphorus in
this pea, everything points to the probability, that
lit is as high if not higher than that of "cured"
rice. This analysis is being carried out, but up to 
the time of writing I have not heard the rseult.
(N). At Christmas Island coolies in Hospital 
got nothing hut "cured" rice and no cases of Beri-beri 
developed. Outside much to my disappointment one had 
.to be satisfied with half measures. The reason for 
this was two-fold, one was that the contractor,finding 
that he had to pay almost double the price for the 
"cured" rice, failed to see any reason why he should 
supply It to the coolies, and the other was, that on 
a previous occasion when the^had been suddenly and 
without warning changed from "uncured" to "cured", the 
coolies had gone on strike en masse and so the manager 
refused to risk a repetition of this experience.
As a compromise a certain amount of "cured" rice was 
mixed with the "uhcured',' at first in the proportion of 
1 of the former to 7 of the latter, this was gradually 
increased until the proportion stood at 3 : 4. The 
results were encouraging for from t he time the change 
was made the number of cases of Beri-beri diminished 
steadily and during the last year fell considerably 
as a glance at the charts will show. Before leaving 
I recommended that the coolies at work in the quarries 
should be supplied with a thin soup made from the rice 
polishings, so that they could drink this in the place 
of plain water. This has been carried into effect but 
with what results I have not heard. But I am certain, 
that if it can be done properly the result will be 
emminently satisfactory: of course a much easier way 
of meeting the difficulty would be to insist on the 
consumption solely of "cured" (parboiled) rice, every­
thing points to the conclusion that on such a regime
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the disease could, he completely stamped out. The 
Chinese are extremely suspicious of any sudden altera- 
-tion in their, diet, hut I found that in Hospital they 
had no real dislike to the "cured" rice per se, hut 
greedily ate as much of it as they were allowed to hav
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(0). In Muntok on the Island of Banka (Dutch)
there are a large number of Chinese coolies employed
in the mines. Beri-beri has been prevalent for many
years, and win especially so amongst the prisoners in
the Gaol. The dietary consisted of imported "uncured"
rice, hut after a mill had been introduced locally,
husked "cured" rice was used in the Caol and Beri-beri
speedily disappeared. When at huntok I was shown the£
process of milling, but it did not difer materially 
from that already recorded.
(P). Wellington of Sarawak has pointed out 
that in Simanggang Gaol and in Baram Beri-beri was ver 
rife, but was checked by feeding the inmates on "fresh 
rice »
Such then are a few of the instances that I 
would draw special attention to, as I do not think 
that it is saying too much to maintain,that taken 
collectively-they form a strong positive evidence in 
support of the "Eice Theory.
On the other hand what objections have been
raised ?
OBJECTIONS to the PICE THEORY.
A consideration of ’ihfcW»?important of these 
will be found to add rather than to detract from the
value of the rice theory.
E t i o l o g i c a l  T he o r  i e s ----------
(1). Many observers, who repudiate the rice theory 
do so on the grounds, that so frequently under a diet- 
-ary which is physiologically correct, Beri-beri still 
continues. This is certainly the case and does not 
detract from the hypothesis at all; the point being, 
that it is not a deficiency in either Proteid, Pat or 
Carbo-hydrate thfcfcauses the disease, but the use of a 
special form of rice.
Hamilton Wright instanced this fact as dis- 
-proving the rice theory, namely that whereas a large 
number of cases occured, while a group of men were on 
full physiological diet, the number diminished when 
the diet was reduce in value. This has really no beajrï 
-ing on the point in question for they continued to ea! 
rice. Moreover as it happens it was a singularly 
unfortunate instance to have cited, for an inquiry int: 
the medical records shows that subsequently on the 
reduced diet there was an enormous increase in the 
number of cases of the disease.
In the same manner after a careful consideration
of the Alimentary Theory Prof: Jeanselme sums up against
it in the following words:— "De tout ce qui précédé,
il result qu'une nourriture insuffisante ou de mauvais^
& /■qualité, ne peut pas être consideree comme 1* cause 
re'elle du Beri-béri",
Several of the instances,yhich lead up to this 
remark, will now be considered and it will be shown,thi 
in every case "uncured" rice was the probable causal 
agent,
(p). Fiji is constantly quoted as being a place, 
where the natives eat "uncured" rice and do not devel 
-ope the disease.
Let us consider the facts for a moment. Priori 
to the advent of a number of Japanese coolies, there 
had never been any known cases of Beri-beri, but short 
-ly after the arrival of these men, the disease broke 
out amongst them (Japanese) and steadily increased.
A full account of this outbreak has been 
given by Joynt, and it is very apparent, that of all 
the coolies at work-Japanese, Indians and Polynesians 
the first alone ate "uncured" rice and they alone dev- 
-eloped Beri-beri. The Indians ate "cured" rice import- 
-ed from Calcutta. Since the Japanese left, a certain 
number of Chinese have been employed, and at the pres- 
-ont time it is only amongst /his people that Beri-beri 
is found and they eat "uncured" rice.
The natives do not get the disease, but it is inaccur- 
-ate to say that they eat "uncured" rice, for their 
grain is chiefly imported from Calcutta, and as well 
their dietary is largely supplemented by Yams, Maize, 
Vegitables and quantities of Fresh Fish.
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(3). One of the strongest arguments was advanced
by Feibig, who stated that in the Moluccas the natives
eat Sago and not Rice, and yet Beri-beri occurs freely.
The grounds for this belief were based on some very
old reports and it is extremely doubtful if it is the
case that no rice was consumed, and it is by no me ans
certain
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that the disease was really Beri-beri.
This seems rather an easy way of getting out of 
the argument, but even granting that the disease was 
‘true Beri-beri and that no rice was consumed, the 
theory that rice is at least the commonest of all fact 
in the causation of the disease is not in the least 
weakened. It is of the highest probability that a 
group of men subsisting solely on Sago would in a like 
manner suffer from a. deficiency of Phosphorus.
A careful analysis would prove whether Sago is above 
or belov; the physiological limit,which Fraser has show 
to be the guide to the potentiality of a given food 
stuff to produce Beri-beri. It has been shown that 
fowls fed exclusively on Sago develops a polyneuritis 
analagous in every way to that caused by Rice ("uncure
t r  * !which has been shown to be an index of its Beri-beri 
producing power in man.
(4). The outbreak of Beri-beri amongst the 
Boer prisoners at St Helena, who got no rice, has been 
described by Casey. The diagnosis was considered 
doubtful by most of his colleagues, and many of the 
symptoms described as being present are not found in 
Beri-beri, while others are more characteristic of 
Epidemic Dropsy. Besides ataxia and inco-ordination 
were present and the oedema appeared suddenly and 
disappeared suddenly. There were no gastric symptoms 
and no urinary symptoms and the patients often made
ranid recoveries.
3 r
(5), Durham after his visit to Christmas Island 
raised certain difficulties, from his observations 
there, as regards the acceptance of the rice theory.
One of these was that all the people, that ate rice 
got it from the same store and yet only the coolies 
suffered. As a matter of fact this doesn't repre-'
-sent the case. It is true that Beri-beri was and 
is far the most prevalent amongst the Chinese coolies, 
especially the contractor-fed "sinkehs", whose diet 
at the time Durham was there consisted almost entirely 
of"uncured" rice. The other Chinese who obtained their 
rice at the same store were the Companies servants, 
mechanics and the like, who received far better wages 
and were able to supplement their diet in a number of 
ways, namely, by the purchase of pork, pigeon, fish 
and vegitable. In fact those of them that lived like 
the better class Chinese do in Malaya escaped; those 
that did not frequently developed Beri-beri.
At the present day on Christmas Island 
there are two stores, the Kongsi Store3where the 
contractor keeps the coolies food^and the Company's 
store: The rice in the Kongsi store is served
daily to the Chinese coolies, and the only other people, 
that obtain rice from this source,are the Chinese 
employed directly by the Company and paid by them.
The rice in the Company's store is used by the Malays 
and Tamils, while the Europeans can purchase it there 
if they desire to do so.
Beri-beri only developes amongst those tha
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get their rice from the Kongsi store.
AAs already mentioned in Hospital nothing hut 
cured"rice is used, while a mixture is supplied to 
the coolies. On the other hand there is nothing to 
prevent, a "tukang" (mechanic) buying "uncured" rice 
without any admixture of "cured" for their own use. 
While I was on the Island I found several did sc and 
thus the explanation was forth-coming, why so many 
mechanics, who were paid well, developed Beri-beri out 
of all proportion to their number as compared with the 
number of coolies.
(6). Carnegie Brown found difficulty in the 
acceptance of this theory, on the grounds that a dis- 
-ease indistinguishable from Beri-beri was often seen 
in persons into whose dietary rice never entered. 
Considering the mass of evidence brought forward in 
support of the theory, one would require to know 
concrete cases of this. Again it has already been
insisted on, that in the theory of Phosphorus starva-
-tion, it is quite possible, that any confined diet 
lacking in this essential and taken over a sufficiently 
long period might result in the production of a form 
of Beri-beri, as instanced in the case of Sago,
Further he claimed that in an endemic 
area large communities live on the incriminated rice 
and do not suffer from the disease. The question of 
the personal equation comes in here and will be consic.e 
-ed very shortly, in most cases it will he found,that
if "uncured" rice is the form eaten,the dietary is
Etiological Theories— — - 
supplemented in other ways, as in the case of Europear 
and wealthy Chinese in Malaya.
It must he remembered, that for the disease to 
•be caused by the method indicated, the process must 
naturally be a long one and will vary greatly with anj 
extra articles of food taken.
I think that one may fairly claim that it is a 
proven fact, that if a man eat nothing but "uncured" 
rice with a low Phosphorus percentage soner or later 
he will develope the typical symptoms of Beri-beri 
whatever his nationality may be.
Finally Carnegie Browr stated that Asylum 
neuritis and Ship Beri-beri were very possibly the saî e 
disease as True Beri-beri and if such were the case 
it would be hard to reconcile them to the Rice Theory, 
because for instance, on Italian Ships there is no 
Beri-beri and they eat largely of rice, while on 
Norwegian vessels they eat no rice and yet cases have 
been so numerous as to require the appointment of 
a special commission by the Norwegian Government to 
thoroughly study the matter.
The question of Ship Beri-beri will come up 
for consideration later on, but in the meantime I wou! 
point out that in the Italian vessels, at least on 
board such as I have enquired as regards their dietary 
though rice figures quite considerably, it does not in 
any way preponderate and is very largely Supplemented 
by Macaroni, Vermicelli and the like.
(?). At the 1910 meeting of the Society of 
Tropical Medicine Biddoes found, that he was unable 
to accept the rice theory on the grounds that, no rice 
is eaten up the Amazon and yet Beri-beri is very prê  
■“valent' in certain parts. There must, I presume, 
be places up this river where rice id not eaten, but 
considering Brazil as a whole this state of affairs 
can hardly be said to exist. The disease has been 
recognized in that country since 1860, and it was just 
at this time that its ports were thrown open to world- 
-wide traffic. Moreover it has been recognized in 
Brazil, that the importation of rice into the interior 
has been systematically followed by Beri-beri, in fact 
the incidence of the disease goes hand in hand with tl 
distribution of the grain.
The cases referetiL to by Biddoes, where no 
rice was eaten,are according to him nearly all of the 
Acute Maligfiant type and exhibit certain symptoms for- 
-eign to the disease as seen in the principle endemic 
regions of Malaya, the Butch Indies and Japan.
For some time I have wondered, if the sudden fulminat 
-ing form seen in Malaya is really only a variety of 
Beri-beri and not a separate disease altogether, prob- 
-ably of Infective origin, and this report from Brazil 
seems to be a striking proof of the possibility of the 
same. The suddeness of its occurence as compared 
with other forms of Beri-beri, the marked Gastro-intes 
-tinal symptoms so generally present, and the fact 
that it was only from this type of case that Hamilton
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Wright was able to isolate his bacillus, taken all 
together seem to me to greatly strengthen this conten 
-tion.
I should mention that up the Amazon the prin 
-ciple. food is Cassava, which is prepared from the same 
root as tapioca* This is of interest,considering the 
experiments with sago that have already been refered 
to,and it would in a like manner be of additional 
value to know the Phosphorus percentage in this form 
of food.
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(8). It is urged that the beneficial results, 
that accrue after a change to ”cured” rice are due to 
the facts — :
(a).That the alteration is made when the worst 
of the outbreak is over and the more susccp- 
-tible people have succumbed.
(b),That tvo alteration is accompanied by other 
hygienic methods all of which would equally 
lessen the chances of the introduction and 
spread of an infectious agent.
This is however most certainly not the case 
for in many instances solely by changing the kind of 
rice in use, without in any way improving the rest of 
the diet or the general hygienic conditions, an out- 
-break of Berisberi has rapidly discontinued and 
further epidemics have been avoided.
(9). On the strength of the theory, that the 
disease is due to deficiency of Phosphorus one of the
most powerful arguments against the validity of the 
Rice Theory falls to the ground, namely that the 
process of cooking should render the grain sterile 
and prevent it being a means of introducing a poison 
into the system: for it is obvious that if the disease 
can be proved to be due to dietetic deficiency cooking 
will not overcome the difficulty, but will tend rather 
to increase it. *
Finally it is only fair to demand that those 
whose experience leads them to discredit this theory 
should make special notes on the following points in 
their reports of outbreaks, or of experiments carried 
out to prove its etiology— :
(a). The kind of rice in use with the Phosphorus 
estimation of the same*
(b). The period over which the rice is taken.
(c). The approximate daily quantity of rice eater 
or at least its proportion to other articles 
of diet.
(d). Should no rice be eaten, the nature of the 
grain taking its place, also with its 
Phosphorus Estimation.
(e). Careful clinical study, so that no possible 
doubt can arise, a*s to the disease under 
consideration being True Beri-beri.
N.B. I mention this last clause, because I have seen 
cases diagnosed in Hospitals, especially those 
under native stipe rv is ion, as Beri-beri, which 
lacked many of the most salient features of the 
disease and were apparently so called for the 
want of a better application.
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SIM/IARY
A fair number of instances' from various 
quarters have thus been exemplified, and after a cri 
-ical examination of these, coupled with the experienc 
one has had of the disease, there seems to be some* c
justification in the views, that one has arrived at or 
the subject, and these I would briefly summarize,as 
embodying at least a plausible possibility, as follow
(A), That the disease known as Beri-beri and 
shortly to be described as such -is in 
the convincing light of Fraser’s experi­
ments due to PHOSPHORU£ STARVATION. and 
that this is caused in nearly every case 
by the consumption of "uncuTe-d" rice, as 
the staple article of diet, but may 
possibly arise by the use of any other 
substitute, which is equally deficient in 
this essential.
(B). That though acute symptoms may arise in
True Beri-beri, the condition known as
Acute Cardiac or Fulminating Bori-beri,
is probably not an acute phase of the
same complaint, but a totally different
disorder of bacterial origin, invading tljie
system through the gastro-intestinal 
tract. This brings Wright's observations
and the reports of cases from the Amazon, 
where no rice is eaten,into direct line.
(C). That the disease known as Ship Beri-beri 
is closely allied to True Beri-beri, 
except that the Scurvy element is super- 
-imposed, and is more predominant, there 
being deficiency of Citrates, Lactates 
and possibly Potassic Salts as well as 
Phosphorus in the dietary.
ETIOLOGIGAL FACTOKS.
E t i o l o g i c a l  F a c t o r s
Certain factors are usually credited 
with playing a part in the production of Beri-beri, 
fot the disease is more prevalent under certain condit 
-ions than others. Let us consider how much weight 
can he attached to these as being predisposing causes 
of this disease.
A. RACE and NATIONALITY
At first sight it would appear, that 
certain races of mankind are more susceptible to 
Beri-beri than others, and it is quite possible that 
a reduced form of resistence does exist, the personal 
equation indy well be national as well as individual.
For instance the Japanese seem to be 
particularly_prono and wherever they go the disease 
goes with them: that this is principally due to a diet 
-etif^cause has already been shown, yet it is interest-- 
-ing to note that in Korea, which these indefatigable 
people have so recently annexed, they do seem to suc- 
-cumb more readily than the Koreans themselves, though 
living in much the same way.
Again amongst coloured races aboriginals would appear
iruto offer more resistance than imigrants; during the 
construction of the Congo railway Bourguigon, who was 
medical officer in charge, noted that there were far 
fewer ceses of Beri-beri amongst the natives of the
Congo, than amongst the Chinese or the coolies from 
the Barbadoes. Taking it all round I am doubtful, 
whether this has really any very great influence, 
the probability being that placed in the same envir- 
-onment and under the same dietetic conditions, any 
race, European included, would succumb to the disease 
just as readily as the Chinese, Japanese and Malays.
An instance in point is afforded by the way the disease 
ravaged the European troops in the Dutch East Indies 
especially at Atjeh in the north of Sumatra.
E t i o l o g i c a l  F a c t o r s ----------
B, SEX.
By far the larger majority of esses are 
Males. As regards the Chinese coolies in Malaya this 
is readily explained by their enormous preponderance, 
but in countries where the balance of the sexes is moife 
even the male section still always returns far the 
greater number of cases. This may be explained by i  
fact that the males are away all day and take their
•hportion of rice with them, while the women at home, 
as women all the world over will do, supplement their 
rice with many small additions.
If women live under the same conditions as 
men, they will develops Beri-beri quite as readily: 
such is often proved t be the case in prisons, and sudh 
was the case in the school at Tokio and in the convent 
at Choquan near Saigon, where out of a total of 40 
female inmates, there were 51 cases of the disease.
he
In.Hongkong one fairly often sees women suffering 
from Beri-beri, and inquiry into these cases always 
shows, that they have been at manual labour outside 
just like male coolies. In the Tung Wah Hospital 
at Hongkong every year the total Beri-beri admissions 
always contain a small but quite definite proportion 
of female cases.(In 1910-43 out of 871 = 4*9$).
Brrota noted that children nourished hy mothers 
suffering from Beri-beri sometimes also shewed ‘symptoms 
of the disease, and rapidly recovered if nursed by a 
healthy woman or put on cow's milk, this observation 
Is of considerable Interest and is quite in line with 
what would be expected dietetically.
The reason for the liability of pregnant women 
to develops the disease has already been refered to 
(page 67) andjis based on purely dietetic grounds.
E t i o l o g i c a l  F a c to r s —
C . M l .
The period commonly quoted, as being the 
one during which the disease is .most likely to 
develops, is between the ages of 15— 35, it being 
rare In children and the very old, In the Tung Wah 
Hospital the number of admissions of the disease in 
children Is very small indeed. (In 1910— 10 out of 871) 
This period is certainly correct as far as cases in 
Malaya are concerned, for of course it is just between 
those two ages that by far the largest number of coolie 
are at work. Also anywhere else it is again between 
those ages that a man is out at labour all day, taking
•4"
./
his daily ration of rice with him most frequently 
with nothing else to supplement it. (See Chart page 99)
E t i o l o g i c a l  F a c t o r s -----------
D. COMSTITUTIOH.
In an epidemic it is by no means the weak- 
-ling that is prone to fall a victim more readily thar 
his stronger brother, for one constantly sees men of 
fine physique with well developed muscles amongst the 
first to develope the disease.
According to Scheube 87% arc robust, and 
both Baelz and Miura.noted the same fact in Japan 
especially in those that developed the Acute Form, 
for instance in one outbreak in Tokio 593 were robust 
out of a total of 686.
This can like the other etiological factoifs 
we have been considering h a t rsradtly be readily explain 
-ed on dietetic grounds, it is absurd to suppose that 
because a man is hale and well and above the physiol­
ogical line of health, he should for that reason be 
more liable to develope disease.
One constantly sees cases developing as 
secondary to other Tropical diseases such as Malaria, 
Cholera and Dysentery, the reason being that frequently 
over a long period the only article of diet such persons 
have been allowed has been Congee (Rice water ).
In a like manner it occurs as secondary to such 
chronic complaints as Phthisis, Rheumatism, Syphylis 
and long-standing Suppuration,
The questiqh of the "personal equation"
is very hard to judge, it has been shown to exist in 
other diseases and probably does so in Beri-beri. In 
the same way what part Heredity plays, if any, has 
hardly been touched upon. Amongst the many cases 0113 
has personally come in contact with, one never could 
get any sufficiently reliable facts from which to 
draw any deductions, but it is very likely, that to 
some is granted a natural immunity to others a 
natural predisposition.
E. SOCIAL CONDITIONS.
This disease is in Malaya one principally of 
the lower classes, thouoh according to Scheube in—   r  —
Japan it is the middle class that is by far the most 
affected.
Another social condition, which seems to 
favour the disease Is ovsr-crowding in damp, badly- 
-ventilated habitations, such as used to be found in 
prisons in the East, like those of Poulo Condore or 
Saigon, which were notorious. The Beri-beri incid- 
-once can in such daces primarily be traced in evrry 
case to the form of rice consumed and the same reason 
explains the prevalence of the disease in big towns, 
especially those on the sca-board, and vica versa the 
immunity of villages up country.
Such causes of physiological depression, as 
fatigue and privation also play their part as predis- 
-posing causes.
E t i o l o g i c a l  F a c t o r s —  ------
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P. METEOROLICAI,
In countries ’-here there is a cold and 
a hot season, Beri-beri is more prevalent during the 
latter,while cases in hospital imorove and fewer are 
admitted during the winter. Where the temperature 
varies little all the year round as in Malaya, there 
is usually aparked increase during the wet saason.
This has been constantly noted in a number of places 
where the disease is endemic, for instance in Japan, 
which is one of the dampest countries in the -world, 
there are two wet seasons, June and September, and it 
is between these two months that by far the most case£ 
occur,—  this is shown graphically in the appended 
Chart.(page 9 2 )
Geyet at Poulo Condore always found the: 
was ajpegular seasonal incidence, cases increasing each 
year during the cold damp N-E Monsoon,
In Java Vornerman noted its special 
prevalence during the season, and at At3eh (Sumatra) 
PekelhSring and Winkler found a marked increase durin; 
the wet months: the same is reported by Leslie to occjir 
in Burma.
On the other hand Braddon does not thinf 
that the rain-fall has anything to do with the incid- 
-ence of the disease, but maintains that any seasonal 
variation, that is present depends on two factors:—
(l). That rice is an annual crop and the new 
grain comes into the market early in the
E t i o l o g i c a l  Factors-
year; the a~e of the rice having a direc 
relation-ship to its Beri-beri-producing 
power.
(2). That immigration of "sinkehs" who are
most liable to the disease, is briskest 
at the begining of the year.
These two having a direct relation-ship
for the time when the rice is most potent
to do mischief will correspond with the 
time when the coolies are most liable to 
develope the complaint.
Fraser's most recent experiments disprove the former, 
while the latter factor would have no weight in a num-p 
-ber of places where little or no immigration takes 
place and indeed is scarcely true of Malaya since
the commencement of the extraordinary boom in rubber,
which caused a constant demand for coolie labour.
Braddon collected statistics, which extend- 
-ed over a considerable period to demonstrate that in 
the Malay Peninsular "there was no definite relation- 
-ship between rain-fall and Beri-beri" and that "though 
independant of meteorological factors, the local vari- 
-ations in Beri-beri incidence coincidedin time at 
different stations.
At Christmas Island Iexamined the records
as far back as any were taken, and from the appended
chferts it will be seen at a glance, that though the
case incidence does not in any way slavishly follow
the rainfall curve, yet there is a distinct relation- 
-ship between the two.(pages 93-- 97).
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T ' cubation or Latent period.
Before entering into a discussion regard 
--ing the Forms and.Symptoms of Beri-beri, it may be as 
well to see what conclusions can be drawn regarding the 
Incubation Period of the disease*
Infectious diseases are characterized 
by a definite incubation period, while those that are 
due to poisons or to defective nuitrition, being depen- 
-dant on a number of factors, are manifestly indefinite 
Such indeed is characteristic of Beri-beri and ones 
difficulties are increased by never being able to say 
when "exposure" commenced.
As in the Etiology of this disease, so 
in the consideration of this point much difference of 
opinion has been expressed. Periods varying from 10 
days to 7 months have been quoted as being correct.
Hamilton Wright seeking to bring this 
into line with his "Infective" theory maintained that 
the period was as short as 10 to 15 days. He based h:. 
conclusions upon a series of observations done on 
"sinkehs” arriving from C'-ina to work in the Mines of 
the Federated Malay States. However commenting on his 
conclusions, one has to remember, that he disregarded 
one important point, namely the period passed in the 
lodging houses of Singapore. These places are 
regular hot-beds of the disease and offer every opport- 
-unity. for its developenent and coolies often remain 
in them three weeks or more.
■ . .J .... : 0 ; ¿g ■[)  —~
On tiie other hand, against this short period 
must be placed the view of Braddon, who believed it to 
be probably seven months. Pekelhari-ng and V-inkler in 
a like, manner considered that the Latent Period must be 
a long one, infection being constantly and frquently 
incured..
Travers has shown that in the Kuala Lumpur Gaol 
the commonest period is 5 months (amongst those that halve 
not previously had Beri-beri) though it may be shorter. 
(For actual figures and Graphic Chart see page 106). 
Similarly in an outbreak in an Institute for Kidnapped 
Girls in Hongkong the average period as nearly as could 
be computed was 84 days — (Koch)—
In Fraser and Stanton1s most recent experiment 
(page 55) the earliest case that occured was after a 
period df 87 days.
In a same way a large number of reports from othe 
sources could be quoted, as showing that the most frequen 
period,other conditions'being the same, during which the 
disease takes to develope is from 5 to 6 months. I 
refer to such reports as those' given by Voderman, lasne 
Stanley, Dykes, Gerard and Ucherman.
There is always difficulty in getting accurate
history from a Chinese coolie, especially if one is
handicapped by haying to do all interogation through
an interpreter. It seems to me however, that after al
that has been said as regards the plausibility of the
theory of Phosphorus Starvation, that it can be quite
clearly demonstated, that the closer the adherence is
to a diet of "uncured" rice the speedier will be the 
onset of symptoms.
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Under 1 month 11
1 to 2 months 45
2 to 3 months 67
3 to 4 months 40
4 to 5 months 27
5 to 6 months 25
7 to 12 months 8
Over I year 13
Graphically.
who felt quite healthy for they did not come to hos- 
-pital. By examining several on their arrival to the 
Island, one had some data to commence with. Some of these 
eventually developed Beri-beri and a few prior to doin' 
so were in hospital on account of some "other cause", 
thus a few occasional observations of a more or less 
continuous nature were recorded, and the charts of two 
of them are appended in a graphic form, (page 110).
Braddon less stress on this point that "the 
absence of perception of light cotton-wool touches 
over areas corresponding to the 3rd and 2nd Sacral 
segments of the cord is one of the earliest signs of 
incipient Beri-beri.




Charts of two cases showing graphically the Variation
In the Tactile Sense over a considerable period prio:f
to and during a Rudimentary attach of Beri-beri.
When testing,the same spot was always taken-middle of calf-. 
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April 10 Arrived on Christmas Island.
May 19 Admitted to Hospital with Septic V/ourJune 10 Discharged.
June 28 Seen as Out-Patient.
July 25 Admitted to Hospital with Beri-beri.
|Sepji 1 Discharged.
JDA76S . - i -a •■ ..I.. . - - -



















Sept 5 Arrived on the I siand,admitted with Cono 
Sept 30 Discharged.Nov 14 Seen as Out-Patient.





Somo oedema can always be made out along the crest 
of the tibiae and it is here and not around the ankles 
that one should first look for this symptom.
There is as well difficulty in the execution of 
certain movements such as going upstairs; a very use- 
-ful method of proving this is that known in Malay as 
tho "Jongkok" (squatting) Test. This consists in 
getting the patient to stand with his heels together 
and his hands clasped above his head, he then slowly 
goes down into the squatting position,(so that his but- 
-tocks are touching his heels)and rises without aid..
Even an early case of Beri-beri is unable to perform 
this test and it will often be found of real diagnostic 
value. Careful testing by means of a feather will
show that there is slight anaesthesia or rather par- 
-aesthesia of the legs below the knee. On exertion 
the cardiac action is too readily accelerated, while 
the apparent strength of the impulse of the apex beat 
is quifee out of comparison with the actual force of the' 
pulse wave. Later some increase of Cardiac dulness to 
the right will be detected with re-duplication of the 
second sound. The Knee Jerk is absent, no clonus is 
attainable and the other deep reflexes are impaired, 
but the superficial remain normal if not slightly ex- 
-aggerated.
As the disease advances the symptoms become more 
pronounced and locomotion impaired. The anaesthetic 
area increases, and in by far the greater number of 
cases this spread is from below upwards .
S y mpt omat ol og y — n
